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Genera! Surgery 


Experimental Transplantation of the 
Pancreas in Dogs 

IRVING L, LICHTENSTEIN, M.D., F.A.C.S., F.I.C.S. 

AND 

RICHARD M. BARSCHAK, D.V.M. 

BEVERLY HILLS, CALIFORNIA 


T HE present age is an exciting era 
in cardiovascular surgery. The en¬ 
terprising researcher and clinician 
look eagerly forward into the limitless 
prospect of undiscovered medical and 
surgical knowledge. Organ transplanta¬ 
tion, the possibility of which is clearly 
visible, must fire the imagination of even 
the most conservative observer. 

In recent years there have been two 
major obstacles to the progress of tissue 
grafting; technical difficulties and, with 
few exceptions, the consistent destruction 
of homografted tissue by the recipient. 
For the past thirty years it has been sus- 
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pected that the failure of organs to sur¬ 
vive transplantation from one person to 
another has an immunologic basis. Fur¬ 
ther support of this concept has recently 
been provided by the successful transfer 
of kidneys between monozygotic twins 
and the homografting of skin in patients 
with agammaglobulinemia. With the ad¬ 
vent of cortisone-like drugs and increas¬ 
ing understanding of the obscure bio¬ 
logic incompatibility between host and 
transplanted tissues, the technical prob¬ 
lems of organ grafting are beginning to 
manifest themselves. It appears that vas¬ 
cular anastomosis of transplanted organs 
is essential if hypoxia and tissue destruc¬ 
tion are to be kept at a minimum; for 

Q> 
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the goal of organ transplantation, after 
all, is improved function instead of mere 
viability, or again, homovital rather than 
homoviable grafts. 

So far as we know, there has never been 
an attempt to graft pancreatic tissue by 
means of vascular anastomosis. Despite 
the many small blood vessels that supply 
the organ in man, a relatively simple tech¬ 
nic for vascular grafting was devised. 
The real problem, however, was first to 
discover an adequate operation for the 
homotransplantation of the pancreas in 
dogs. 

It was reasoned that if an artery and 
vein of sufficient size, supplying the ter¬ 
minal small vessels to the gland, could be 
isolated, a vascular anastomosis would be 
feasible. In the dog the pancreas has 
two blood supplies (Fig. 1). The tail 



Fig. 1.—Arterial circulation to the pancreas in 
the dog. 


of the gland receives its blood from the 
splenic artery which arises from the 
celiac axis. The uncinate process is sup¬ 
plied by a branch from the craniomesen- 
teric or, as it is generally termed, the su¬ 
perior mesenteric artery. Two small 
venous tributaries drain the uncinate por¬ 
tion directly into the portal vein. 

Technic .—Two operating teams and 
tables were used and two dogs were 
laparotomized simultaneously. Sterile pre¬ 
cautions were utilized throughout. Anes¬ 
thesia was effected by means of preopera¬ 
tive sedation with morphine sulfate and 
atropine, and intravenous pentobarbital. 

Necessarily, the donor dog was routine¬ 
ly killed. A long midline incision was 
used, extending from the ensiform to the 
supravesical ai'ea. A lateral extension to 
this incision was then utilized for in¬ 
creased exposure. The duodenum was 
elevated into the wound, permitting 
visualization of the uncinate process of 
the pancreas along with its blood supply. 
The small pancreaticoduodenal vessels 
were carefully identified, divided and 
ligated. The uncinate process of the 
organ was then divided from the body 
proper and transfixed by means of su¬ 
tures. All the arterial branches arising 
from the superior mesenteric vessel were 
divided except the one branch supplying 
the pancreas. All veins were likewise 
sacrificed except the two small tributaries 
connecting the pancreas to the portal vein. 
The superior mesenteric artery and the 
portal vein were then cleanly dissected. 
Care was exercised to divide the cranio- 
mesenteric vessel at its point of origin 
before obstructing the venous drainage to 
prevent extensive hemorrhage into the 
gland. The portal vein was then divided 
at least 1.5 cm. craniad and caudad to the 
segment receiving the two venous tribu¬ 
taries from the pancreas. The specimen 
was removed and placed in a dilute 
heparin and saline solution. The graft 
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was then irrigated with dilute heparin 
through the mesenteric artery until clear 
liquid could be seen emerging from the 
segment of portal vein. Ordinarily it 
required about 50 cc. of solution to clear 
the specimen. ' 

While the aforedescribed procedure was 
carried out, a second operating team ex¬ 
posed the lower abdominal and inguinal 
areas of the recipient dog. This appeared 
to be the optimal site for anastomosis, 
since it enabled us to avoid the constant 
trauma to the graft produced by frequent 
motion when the carotid jugular tract or 
the femoral vessels were utilized. More¬ 
over, it enabled the omentum to build up 
an accessory blood supply to the graft in 
the event of future vascular thrombosis. 
The iliac artery and vein were identified 
on one side and cleared of branches for a 
distance of approximately 3 cm. The 
arterial anastomosis was effected first, 
then the venous, during which the gland 
was flushed and oxygenated several times 
with the recipient’s blood. The vessels 
were sutured with interrupted No. 5-0 
arterial silk. On completion of the anas¬ 
tomoses the graft invariably returned to 
its original color, and venous blood could 
be seen coursing through the portal seg¬ 
ment of the transplant into the iliac vein 
of the host. 

Many dogs underwent grafting by this 
technic; in several animals splenectomy 
was also performed. 

Restdts .—All dogs were killed six to 
eight weeks after the grafting. In every 
case thrombosis of the vascular anasto¬ 
mosis was noted, and the omentum was 
firmly and intimately wrapped about the 
grafted area. Histopathologic examina¬ 
tion failed to reveal any evidence of sur¬ 
viving pancreatic tissue in any of the 
dogs. 

The Technic as Applied to Man .—When 
the problem of tissue incompatibility in 
organ transplantation is solved, the tech- 



Fig. 2 — Ai terial supply to the human pancreas 


nic of pancreatic grafting in man will 
be relatively simple (Fig. 2). The pro¬ 
cedure is done with great facility on 
postmortem specimens. From the living 
human donor it will be necessary to re¬ 
move the tail and body of the pancreas, 
with the splenic artery and vein attached. 
These can be anastomosed to the recipi¬ 
ent’s vessels at a propitious site. The 
graft may even be placed in a virtually 
normal anatomic position, through utili¬ 
zation of the host’s splenic artery and 
vein. This would involve no sacrifice of 
pancreatic tissue and could be accom¬ 
plished with minimal difficulty, particu¬ 
larly if the spleen is removed. The pro¬ 
cedure in man, however, although tech¬ 
nically feasible, will have to await bio¬ 
chemical researches. 

SUMMARY 

The transplantation of organs, one of 
the brilliant goals of surgery, is already 
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becoming feasible on the horizon. 

Two major obstacles to the success of 
tissue grafting' have been the technical 
difficulties and the constant immunologic 
destruction of the graft. Both of these 
problems are now being intensively 
studied. 

Vascular anastomosis of the trans- 
planted organ is essential if hypoxia and 
tissue destruction are to be kept at a 
minimum. The ultimate goal is preserva- 
tion of the function of the graft, not mere 
viability. 

To the authors’ knowledge no report, 
has ever appeared of an attempt to trans¬ 
plant pancreatic tissue utilizing a vascular 
anastomosis. 

A technic is described for the vascular 
grafting of the pancreas in dog and in 
man. 

When tissue incompatibility between 
host and donor is better understood, the 
future of thousands of persons with here¬ 
tofore limited longevity, resulting from 
diabetes, polycystic disease, agenesis, etc., 
may be substantially altered toward 
normal. 


Authors’ Note: We are indebted to Steven G. 
Abrams, D.V.M., Norman Haidy, D.V.M., Robert 
L. Mercer, D.V.M., and Max L. Algase for their 
cooperation in this work. 

ZUSAMMENFASSUNG 

Ein leuchtendes Ziel der Chirurgie, die 
Transplantation von Organen, lasst sich 
heute schon am Horizont als erreichbar er- 
kennen. 

Die grossten Hindernisse, die dem Er- 
folg im Wege stehen, sind technische 
Schwierigkeiten und die standige immuno- 
logische Zerstorung des Transplantats. In¬ 
tensive Untersuchungen beschaftigen sich 
zur Zeit mit der Losung dieser beiden 
Probleme. 

Die Gefassversorgung des verpflanzten 
Organs ist von grundlegender Bedeutung, 


um die Sauerstoffverarmung und den Ge- 
webszerfall auf ein Mindestmass zu be- 
schranken. Das letzte Ziel ist, das Trans- 
plantat nicht nur am Leben sondern auch 
funktionstiichtig zu erhalten. 

Soweit dem Verfasser bekannt ist, gibt 
es bisher keinen Bericht iiber den Versuch, 
Pankreasgewebe unter Beniitzung von 
Gefassanastomosen zu verpflanzen. 

Es wird eine Technik der vaskularen 
Transplantation der Bauchspeicheldriise 
beim Hunde und beim Menschen beschrie- 
ben. 

Es ist zu hoffen, dass eine erweiterte 
Kenntnis auf dem Gebiete der Unvertrag- 
lichkeit der Gewebe von Spender und 
Empfanger dazu fiihrt, dass die bisher 
beschrankte Lebensdauer von Tausenden 
von Menschen mit Diabetes, polyzystischer 
Erkrankung, angeborenem Fehlen von 
Organen usw. erheblich verlangert werden 
kann. 

RESUME 

Nous commengons a entrevoir les pos¬ 
sibility de la transplantation d’organes, 
un des buts eclatants de la chirurgie. 

Les principaux obstacles a la greffe tis- 
sulaire etaient dus a des difficulty tech¬ 
niques et a la constante destruction im- 
munologique de la greffe. Ces deux pro- 
blemes font aetuellement l’objet d’etudes 
approfondies. 

L’anastomose vasculaire de l’organe 
transplants est essentielle afin de reduire 
au minimum 1’hypoxemie et la destruction 
tissulaire; le but final a atteindre est la 
preservation de la fonction de la greffe et 
non seulement sa viabilite. 

L’auteur n’a trouve aucune publication 
de tentative de transplantation de tissu 
pancreatique en utilisant une anastomose 
vasculaire. II en decrit une technique ex- 
perimentee sur l’animal et sur 1’homme. 

Lorsque nous connaitrons mieux la ques- 
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tion de l’incomptabilite tissulaire entre 
hote et donneur, l’avenir de milliers de 
malades a longevity jusqu’ici Iimitee (dia- 
bete, affections polykystiques, agenesie, 
etc.) pourra etie considerablement ame- 
liore. 

RESUMEN 

El trasplante de organos, uno de los mas 
brillantes objetivos de la cirugia, comi- 
enza ya a clarear en el horizonte. 

Hasta ahora los dos obstaculos mas im- 
portantes para el exito de los trasplantes 
han sido las dificultades tecnicas ya la de¬ 
struction immunologica constante del in- 
jerto. Ambos problemas estan siendo 
ahora resueltos favorablemente. 

Si se pretende reducir a un minimo la 
hipoxia y la destruction del tejido son in- 
dispensables las anastomosis vasculares de 
los organos transplantados ya que el ob- 
jetivo esencial no es la viabilidad del in- 
jerto sino la conservation de su funcion. 
No ha llegado a conocimiento del autor 
ninguna information sobre trasplante de 
tejido pancreatico con anastomosis vascu¬ 
lar. 

En el articulo se describe una tecnica 
del injerto vascular de pancreas en el, 
perro y en el hombre. 

El futuro de miles de personas en las 
que es de preveer una vida corta por dia¬ 
betes, enfermedad poliquistica, agenesis, 
etc., puede se vuelto a la normalidad cu- 
ando sea mejor conocida la cuestion de la 
incompatibilidad entre donante y receptor. 

RIASSUNTO 

II trapianto di organi, che e una delle 
mete piu brilanti della chirurgia, comincia 
a dimostrarsi realizzabile. I due maggiori 
ostacoli al successo dei trapianti tissurali 
sono rappresentati dalle difficolta tecniche 
e dalla distruzione immunologica del trapi¬ 


anto. Entrambi questi problemi sono sotto- 
posti ad un intense studio. 

Le anastomosi vascolari degli organi 
trapiantati sono un tempo indispensabile 
se si vuol eliminare l’ipossia dei tessuti e 
la loro morte. L’obiettivo ultimo e rappre- 
sentato dalla conservazione della funzione 
del trapianto e non soltanto dalla sua sop- 
ravvivenza; a quanto ne sa 1’autore non e 
stato fatto alcun tentativo di trapianto di 
tessuto pancreatico con anastomosi vas¬ 
colari. 

Viene descritta una tecnica per tale tra¬ 
pianto, nel cane e nell’uomo. 

Quando si conoscera meglio l’incompati- 
bilita tissurale fra ospite e donatore, il 
futuro di migliaia di persone, la cui vita 
e ora compromessa dal diabete, dalla ma- 
lattia policistica e dalla agenesia del pan¬ 
creas, potra essere garantito in maniera 
definitiva. 

SUMAR10 

A transplantagao de orgaos, um dos 
objetivos brilhantes da cirurgia ja comeca 
tornar-se visivel no horizonte. Os dois 
maiores obstaculos ao sucesso do enxerto 
de tecidos tern sido as dificuldades tecnicas 
e a constante destruigao inunologica do 
enxerto. Os dois problemas estao sendo 
intensivamente estudados na atualidade. A 
anastomose vascular do orgao transplan- 
tado e essencial para que a hipoxia e de- 
strucao do tecido seja mantida a um mini¬ 
mo. O objetivo final e a preservacao da 
fungao do enxerto nao apenas a viabili- 
dade. 

Nao e do conhecimento do autor nen- 
huma publicagao de intentos de trans- 
plantar tecido pancreatico utilizando uma 
anastomose vascular. A tecnica para o 
transplante vascular do pancreas no cao e 
no homem e descrita. Quando a imeom- 
patibilidade entre doador e receptor for 
melhor entendida, o futuro de milhares de 
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pessoas com a longevidade ate agora amea- 
cada por condigoes como diabete, doenca 
policistica, agenesia, etc., pode substan- 
cialmente ser alterado no sentido ao nor¬ 
mal. 
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. . . What constitutes a civilized community? 

This question would very commonly he answered hy pointing to merely material 
tests. A country is civilized if it has much machinery, many motor cars, many bath¬ 
rooms and a great deal of rapid locomotion. To these things, in my opinion, most 
modern men attach much too much importance. Civilization, in the more important 
sense, is a thing of the mind, not of material adjuncts to the physical side of living. 
It is a matter partly of knowledge, partly of emotion. So far as knowledge is con¬ 
cerned, a man should be aware of the minuteness of himself and his immediate en¬ 
vironment in relation to the world in time and space. He should see his own country 
not only as home, but as one among the countries of the world, all with an equal 
right to live and think and feel. He should see his own age in relation to the past and 
the future, and be aware that its own controversies will seem as strange to future ages 
^as those of the past seem to us now. Taking an even wider view, he should be con¬ 
scious of the vastness of geological epochs and astronomical abysses; but he should 
be aware of all this, not as a weight to crush the individual human spirit, but as a 
vast panorama which enlarges the mind that contemplates it. On the side of the emo¬ 
tions, a very similar enlargement from the purely personal is needed if a man is to 
be truly civilized. Men pass from birth to death, sometimes happy, sometimes un¬ 
happy; sometimes generous, sometimes grasping and petty; sometimes heroic, some¬ 
times cowardly and servile. To the man 17110 views the procession as a whole, certain 
things stand out as worthy of admiration. Some men have been inspired by love 
of mankind; some by supreme intellect have helped us to understand the world in 
■which ire live; and some by exceptional sensitiveness have created beauty. These 
men have produced something of positive good to outweigh the long record of 
cruelty, oppression and superstition. 

—Russell 
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Carcinoma of the Tongue 

An Outline of Theiapy 

JAMES M OVENS, MD, FACS, FICS 

PHOENIX, ARIZONA 


C 'l ARCINOMA of the tongue is the most 
common intraoial carcinoma with 
' which the clinician is confronted 
Glossal carcinoma can develop and metas¬ 
tasize with amazing rapidity Tieatment 
must be prompt, thorough and effective m 
order to be life-saung In 80 to 85 per 
cent of patients who die of lingual carci¬ 
noma the disease is limited to th“ head 
and neck In only 15 to 20 per cent of 
such patients are visceral metastases pres¬ 
ent clinically 1 If cervical metastases are 
piesent when the patient is fiist seen, the 
chances of cuie are much less than when 
no metastases are present at the first visit 2 
It behooves the clinician to have in mind 
at the onset of therapy an intelligent plan 
of treatment for the primary tumor and 
for ceivical metastases, which may be 
present when the patient is originally seen 
oi may develop later Cervical metastases 
may be treated simultaneously with the 
treatment of the primary lesion, or a pe¬ 
riod of time may be allowed to elapse be¬ 
tween the treatment of the primary lesion 
and that of the metastases There are vari¬ 
ous methods of treatment of this disease 
For its eradication we must use one or 
more of the three most effective agents 
known today, namely, surgical treatment, 
radium or roentgen therapy 

Radium is mentioned here, not radon 
seeds I have purposely omitted mention 
of radon seeds because, in my opinion, they 
are a poor and ineffective substitute for 
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the indium element, and a much moie ac- 
cuiate dosage may be obtained by the use 
of interstitial radium needles, particulaily 
foi a huge tumoi One could, however, 
substitute interstitial cobalt for indium 
wherever radium is mentioned as appli¬ 
cable Its effect is piactically identical with 
that of radium 

Theie is wide divergence of opinion as 
to the best method of treatment of carci¬ 
noma of the tongue Some are concerned 
that operation is the only adequate 
method, while some favoi irradiation ex¬ 
clusively 1 This is unfortunate, as the size 
of the tumor, its position on the tongue 
and the extent of involvement of adjacent 
structures, such as the floor of the mouth, 
the tonsils, or the mandible, all influence 
the choice I do not consider any one meth¬ 
od of treatment suitable in all cases of 
glossal carcinoma if the best possible re¬ 
sults are to be obtained 

In order to suggest means of facilitating 
treatment and to coordinate the various 
modes of theiapy, the following outline of 
the therapeutic methods used is presented 
An attempt is made to coordinate these 
thiee primary methods of treatment, 
namely, radium, loentgen lays and opera¬ 
tion, and to indicate which is suitable for 
carcinoma ansing m various positions in 
the tongue 

Figure 1 depicts the sections of the 
tongue that are treated by roentgen rays, 
radium or surgical intervention according 
to this plan One must bear in mind that 
tumors arising from the anterior two- 
thirds of the tongue grow moie slowly 
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and metastasize later than do the more 
anaplastic tumors arising from the poste¬ 
rior third. Less anaplastic tumors may, at 
times, be treated by some form of irradi¬ 
ation with results equal to those of surgi¬ 
cal intervention. Anaplastic tumors, how¬ 
ever, such as those that arise in the pos¬ 
terior portion of the tongue, cannot be 
treated surgically with results as good as 
those obtained by irradiation. Although 
the indications for the methods of therapy 
in Figure 1 are not hard, fast or absolute, 
one may find, nevertheless, that they are 
extremely valuable in selecting the pri¬ 
mary therapeutic agent to be used. 

Anterior Portion .—Lesions situated in 
the anterior portion of the tongue are more 
amenable to surgery than are lesions situ¬ 
ated in the posterior third. The surest 
form of cure of carcinoma is to excise the 
entire tumor and a surrounding area of 
healthy tissue before metastases have 
taken place. This is admirably done when 
carcinoma involves the anterior third of 
the tongue. 

Carcinoma arising on the lateral por¬ 
tions of the anterior or the middle-third 
of the tongue is more amenable to surgical 
treatment than are lesions situated in or 
near the midline. It is obvious that the 


anterior third of the tongue, which is the 
more mobile part, is less suited to roent¬ 
gen therapy than are the more immobile 
middle and posterior thirds. Lesions of 
the anterior third of the tongue are usu¬ 
ally smaller when first seen than are le¬ 
sions farther back on the tongue. This 
may, perhaps, be because these lesions are 
felt earlier by the patient, as the anterior 
third of the tongue is more mobile, pro¬ 
jecting and rubbing against the roof of 
the mouth, the gingivae, the teeth and 
the labial and buccal mucosa much more 
than do the middle and posterior thirds. 
These lesions can, therefore, be detected 
earlier. Carcinoma on the anterior third 
of the tongue is more easily seen by the 
patient. Such a tumor is apt to bleed more 
easily, owing to contact with the previ¬ 
ously mentioned anatomic structures, as 
well as with spoons, forks, toothbrushes 
and the like. Lesions in the anterior third 
of the tongue can well be treated by surgi¬ 
cal excision of the primary lesions or by 
low intensity radium needle implantation. 
External irradiation or direct irradiation 
by means of an intraoral cone can be used 
on these lesions, but the patient is apt to 
move the tongue and not to receive the cal¬ 
culated dose at the tumor site. The moving 



Fig. 1.—Therapeutic agents used in the treatment of lingual carcinoma. 
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Fig. 2 (see text). 


of the tongue is a source of error, botli 
with intraoral roentgen therapy and when 
lateral or external fields are being used. 
For this reason, operation or the intersti¬ 
tial implantation of radium needles is pref¬ 
erable for tumors in this location. Fitz- 
williams 4 has called attention to the fact 
that the main muscle fibres of the tongue 
radiate upward from the hyoid bone, and 
that carcinoma spreads from the tongue 
downward by infiltrating these muscle 
planes; hence, at operation, recurrences 
may be discovered deep in the floor of the 
mouth because the carcinoma has infil¬ 
trated farther and deeper than was sus¬ 
pected. Figure 2 shows the resected an¬ 
terior portion of a tongue removed from a 
very small carcinoma on the undersurface 
of the anterior third. Note the amount of 
musculature removed. This should be con¬ 
sidered in performing the operation. Fig¬ 
ure 3 is a reproduction (retouched) of a 
roentgenogram showing a single plane 
radium implant in a carcinoma arising on 
the tip of the tongue, on its dorsal surface. 
This is an alternate method of treating 
carcinoma arising from this area. 

Carcinoma arising on the undersurface 
of the anterior third of the tongue offers 
no different problem in therapy except 
when the tumor spreads to and involves 
the contiguous floor of the mouth. In 
these circumstances the patient is poorly 
suited to operation and can be well treated 
by interstitial radium implantation or by 
external irradiation, as the anterior por¬ 


tion of the tongue is usually relatively 
fixed by the infiltrative tumor to the floor 
of the mouth. When the spread to the 
floor of the mouth also involves the ad¬ 
jacent mandible, operation is preferable, 
as irradiation is not so effective when bone 
is involved. 5 

Middle Third .—When malignant disease 
arises in the middle third of the tongue, 
the attack on the primary lesion may be 
by means of operation, roentgen rays or 
radium. A squamous carcinoma of any 



Fig. 3 (see text). 
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Fig. 4 (see text). 
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Fig. 5 (see text). 

size arising’ in the middle third of the 
tongue in the region of the midline may 
well be an indication for practically total 
glossectomy, if surgical intervention is 
used as the initial treatment. This can be 
avoided by means of low intensity inter¬ 
stitial radium implantation, or bilateral 
irradiation of the lesion. Fortunately, 
tumors in this location are rare. 0 On the 
lateral border of the tongue in its middle 
third, operation may be used; and seldom 
is less than hemiglossectomy indicated 
when this is the initial method of attack 
on the primary lesion. Figure 4 shows an 
elderly man three years after resection of 
the lateral portion of the tongue was done 
for recurrent glossal carcinoma following 
external irradiation to the primary 
growth. The original primary lesion was 


on the lateral margin of the middle third 
of the tongue. The field irradiated in¬ 
cluded the upper nodes of the neck. No 
metastases have developed. 

When the primary lesion involves the 
very lateral portion of the middle third 
of the tongue and extends onto the floor of 
the mouth or to the tonsillar area, a par¬ 
ticular problem is presented. If operation 
is selected as the immediate treatment, an 
in-continuity radical neck dissection should 
be done, together with removal of the pri¬ 
mary lesion, the intervening tissue and 
the cervical nodes. 7 When the carcinoma 
extends from the lateral surface of the 
tongue to the tonsillar area, a tongue- 
pterygoid type of interstitial radium im¬ 
plant is well used, if the therapist chooses. 
With this plan two planes of radium nee¬ 
dles are inserted, one in the tongue and 
one in the pterygoid fossa, thus sandwich¬ 
ing the tumor between these two planes of 
radium, so that it is crossfired by each. 
Figure 5 is a photograph of a tongue- 
pterygoid type of radium implant with the 
tumor drawn diagrammatically in position 
between the two planes of radium needles. 

External irradiation with lateral portals 
may be used, but teeth, mandible, and in¬ 
tervening soft tissues offer more chance 
for complications when a tumorocidal dose 
is delivered than when interstitial radium 
is employed. 

Posterior Portion .—Lesions of the pos¬ 
terior third of the tongue are more effec¬ 
tively treated by irradiation therapy as a 
primary method of treatment than by sur¬ 
gical measures. Martin 0 stated that car¬ 
cinoma at the base of the tongue should 
be considered inoperable at all times, and 
that the base of the tongue is well treated 
by interstitial radium or external irradia¬ 
tion. Embryonically, this portion of the 
tongue develops from the second branchial 
or hyoid arch, while the anterior two- 
thirds develops from the mandibular or 
first branchial arch. The epithelium of 
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the posterior third of the tongue is endo- 
dermal in origin, and tumors here are 
more anaplastic. When lesions of the pos¬ 
terior third of the tongue are treated by 
irradiation, whether external with roent¬ 
gen rays or by interstitial radium needle 
implantation, the size or bulk of the tumor 
is important. A so-called relatively radio¬ 
resistant (Grade I) squamous carcinoma 
of the tongue, i.e., one under 1 cm. in di¬ 
ameter, offers a much better prognosis 
than does a tumor 3 cm. in diameter. This 
is true even though the larger tumor may 
be classified as highly radiosensitive 
(Grade IV). This fact has been demon¬ 
strated statistically; the larger the pri¬ 
mary lesion when the patient is first seen, 
the smaller is the chance of its permanent 
eradication. 8 This being a fact, more im¬ 
portance should be placed on the bulk of 
the tumor than upon the supposedly radio¬ 
sensitive or radioresistant grades of 
squamous carcinoma in determining the 
dosage of radiation. No matter what the 
microscopic grade of these tumors may be, 
they should all be treated intensively by 
irradiation. Doses in the neighborhood 
of 7,000 to 8,000 roentgens should be used. 

Despite the new radiotherapeutic tech¬ 
nics that have been developed, such as 
supervoltage technic, rotation therapy, 
various methods of cobalt administration 
and the like, Bloedorn” has stated that in¬ 
terstitial radium therapy is the treatment 
of choice for any malignant tumor that 
requires a high dose of radiation, provided 
the tumor is still localized and can be ad¬ 
equately covered by the implants. Carci¬ 
noma of the posterior portion of the 
tongue fits these criteria. A high dose is 
concentrated on the tumor-bearing area 
with rapid diminution of the dose to the 
surrounding healthy tissue, and with a 
sharp decrease of the dose to the adjacent 
structures, such as the cheeks. 

When extensive radium implants are 
used in treating carcinoma of the middle 



Fig. G (see text). 


or posterior third of the tongue, it is safer 
to do a temporary tracheostomy at the 
time of the radium implantation than to 
postpone this operation until it becomes an 
absolute necessity. It will usually be 
needed, as a great deal of edema arises 
with this type of treatment in these areas. 
Swallowing is difficult and painful, and a 
nasogastric feeding tube should be in¬ 
serted at the time the radium is implanted. 

Should irradiation necrosis result from 
high doses or from an unknown factor that 
makes some tissues undergo necrosis with 
smaller doses of irradiation than average, 
operation may then be employed as a sec¬ 
ondary method of therapy. It is better to 
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e dissection is the treatment of choice, 
^ther metastatic nodes are clinically 
sent or not. A safe policy is to do 
■phylactic radical neck dissection when 
carcinoma arises on the lateral border 
the middle third of the tongue, even 
ugh no lymph nodes are present. When 
carcinoma arises from the antei'ior or 
posterior third of the tongue, or from 
<r the midline, it is a wiser policy to 
it for the presence of grossly involved 
des before proceeding with neck dissec- 
n. 

n certain debilitated or “poor risk” pa- 
i is, or when external irradiation is 
ing used to treat the primary lesion, 
ecstatic lymph nodes in the neck may 
treated by radium or external roentgen 
erapy. This is not recommended bow¬ 
er, unless there is a contraindication to 
irgical intervention. 

SUM MARY 

Primary carcinoma of the tongue may 
e effectively treated by means of surgical 
itervention, roentgen rays or radium 
lerapy. The position of the carcinoma in 
ie tongue is important in the choice of 
lerapy to be used. 

An outline of the treatment of carci- 
loma of the anterior third, the middle third 
nd the posterior third of the tongue is 
iresented. Metastatic cervical lymph nodes 
liould be primarily treated by radical 
leek dissection. The advisability of pro¬ 
phylactic radical neck dissection is debat- 
ible. At times, metastatic cervical lymph 
i odes may be treated by irradiation as a 
. econdarv method of choice. 

RESUME 

Le carcinome primaire de la langue peut 
el re traite efficacement par la chirurgie, 
par les rayons X. ou encore par le radium; 
!e choix de la therapeutique de la locali¬ 
sation de la tumeur. 


L’auteur presente un apei’gu du traite- 
ment du carcinome des tiers anterieur, 
median et posterieur de la langue. L’ex- 
tirpation radicale est le traitement de 
choix des metastases des ganglions lym- 
phatiques; dans certains cas 1’irradiation 
secondaire peut etre indiquee. 

ZUSAMMENFASSUNG 

Zur wirksamen Behandlung des prima- 
ren Zungenkrebses stehen der chirurgische 
Eingriff oder Bestrahlungen mit Rontgen- 
strahlen oder mit Radium zur Verftigung. 
In der Auswahl der anzmvendenden The- 
rapie spielt der Sitz der Geschwulst in der 
Zunge eine bedeutende Rolle. 

Es wird ein Umriss der Behandlung des 
Krebses im vorderen, mittleren und hin- 
teren Drittel der Zunge vorgelegt. Meta- 
stasen in den Halslymphknoten sollten in 
erster Linie mit radikaler Resektion der 
Halsweichteile behandelt werden. Es liisst 
sich dariiber streiten, ob ein solcher radi¬ 
kaler Eingriff auch als prophylaktische 
Massnahme anzuraten ist. Gelegentlich 
kommt als zweite Wahl der Behandlung 
von Metastasen in den Halslymphknoten 
die Bestrahlung in Frage. 

SUMARIO 

Carcinoma primitivo da lingua pode ser 
efectivamente tratado por meio de inter- 
vengao cirurgica, raios roentgen ou radium 
terapia. A localizagao do cancer no lingua 
e importante na escolha da terapeutica a 
ser usada. Um piano para o tratamento de 
carcinoma no tergo anterior, tergo medio e 
tergo posterior da lingua e apresentado. 
As metiistases aos ganglios linfaticos cer- 
vicais devem ser primariamente tratadas 
por dissecgao radical do pescoco. A indi- 
cagao da dissecgao radical do pescogo como 
profilatica e debativel. Algumas vezes os 
ganglios linfaticos cervicais metastoticos 
podem ser tratados com irradiagao como 
segundo metodo de escolha. 
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RESUMEN 

El carcinoma primitive) de la Iengua 
puede ser tratado eficazmente por la in¬ 
tervention quirurgica, los Rayos x o el 
radium. El asiento del cancer en la Iengua 
es importante para la election del metodo 
que debe seguirse. El autor presenta un 
esquema del tratamiento segun el carci¬ 
noma asiente en el tercio anterior, el tercio 
medio o el tercio posterior. Los nodulos 
linfaticos cervicales metastaticos deben ser 
tratados a priori por la diseccion radical. 
Es discutible si debe o no llevarse a cabo 
la diseccion cervical radical profilactica. A 
veces los nodulos linfaticos cervicales me- 
tastasicos pueden ser tratados por irradia¬ 
tion como un metodo de election secun- 
dario. 

RIASSUNTO 

II carcinoma primitivo della lingua puo 
essere trattato efficacemente con Pinter- 
vento chirurgico, con la roentgenterapia 
o con la radiumterapia. Per la scelta della 
terapia piii adatta e molto importante la 
posizione del cancro stesso nella lingua. 

Viene indicato uno schema per il trat- 
tamento dei carcinomi del terzo anteriore, 
medio e posteriore. Le metastasi Iinfo- 
ghiandolari cervicali devono essere aspor- 
tate con una dissezione radicale del collo. 


La dissezione radicale profilattica del collo 
e discutibile. In certi casi Ie metastasi 
cervicali possono essere trattate con Pir- 
radiazione. 
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To study the phenomena of disease without books is to sail an uncharted sea, while 
to study books without patients is not to go to sea at all. 

With half an hour’s reading in bed every night as a steady practice, the busiest 
man can get a fair education before the plasma sets in the periganglionic spaces of 
his grey cortex. 

—Osier 
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MeckePs Diverticulum 

A Report of Sixteen Cases 

CAESAR F. SARNI, M.D., F.A.C.S., F.I.C.S. 
POTTSTOWN, PENNSYLVANIA 


M ECKEL’S diverticulum is a rem¬ 
nant of the obliterated vitelline 
duct of embryonic life. The prox¬ 
imal part of the duct, which enters the 
primitive gut, fails to become completely 
obliterated and foi*ms this pouch. 

Many articles have been written on the 
cause, embryonic background, complica¬ 
tions and surgical treatment of Meckel’s 
diverticulum. One must give careful con¬ 
sideration to the nature of the operation 
indicated, i.e., whether it is gynecologic, 
intestinal or of the upper abdomen. It 
as been my policj" to search for the lesion 
efore the abdomen is closed. 

Baker and Marshall recently stated that 
the lesion becomes important only when 
such complications as infection, perfora¬ 
tion, hemorrhage, obstruction, volvulus, 

Submitted for publication March 30, 1957, 


intussusception or neoplasm occurs dur¬ 
ing an emergency operation on the ab¬ 
domen. Even then, simple excision does 
not increase the hazard of other pro¬ 
cedures. 

I observed Meckel’s diverticulum, the 
first case in this series of 16 in November 
1948 and the last in June 1956. In 9, the 
diagnosis was appendicitis; in 6, pelvic 
conditions requiring surgical interven¬ 
tion, and in 1, right inguinal hernia. In 
13 cases it was removed longitudinally 
by simple excision and closed transverse¬ 
ly; in 3, by wedge resection and closure 
by end-to-end anastomosis. 

Although this anomaly is statistically 
twice as common in the male as in the 
female, in this series there were 9 male 
and 7 female patients. 


Meckel's Diverticulum 


Date 

■PflfjVTlf 

Apr 

Scr 

Preoperative Diagnosis 

Pathological Report 

Surgical Procedure 

11-1S-4S 

P.M. 

8 

Female 

Appendicitis 

Subacute catarrhal 
appendicitis, Meck¬ 
el’s diverticulum 
with small bowel 
lining 

Appendectomy; excision 
of Meckel’s diverticulum 

10 - 12-40 

M.H. 

33 

Female 

Lacerated cervix; 
relaxed vaginal 
orifice; right 
ovarian cyst. 

Simple serous cyst Dilation; curettage; 
of right ovary; cauterization of cervix; 

small intestinal anterior and posterior 

mucosa showing colporrhaphy; right 

retrograde changes salpingo-oophorectomy; 

lysis of adhesions, 
excision of Meckel’s 
diverticulum 

-1-10-50 

201. 

-12 

Female 

Uterine fibroid 

Lei ora y ofi br om a 
(multiple); simple 
ovarian cysts, 
physiological mu¬ 
cosa in Meckel’s 
diverticulum 

Dilation; curettage; 
right oophorectomy, 
bilateral salpingectomy; 
total hysterectomy; 
appendectomy; excision 
of Meckel’s diverticulum 


16 


VOL. XXVin NO 1 


S \RNI MECKEL S DXV ERTICULUM 


MeeKeFs Dnerticulum (Continued) 

3 29 51 

CK 

6 

Male 

Appendicitis 

Subacute appendi¬ 
citis, Mechel s di¬ 
verticulum with 
phvsiologic mucosa 

■\ppendectomv, excision 
of Mechel’s diverticulum 

6 17 51 

SR 

23 

Female 

Right ovarian cyst, 
relaxed \agmal 
orifice 

Cervicitis, chronic Dilation, curettage, 
appendicitis, fol- conization of cervix, 
licular cvst of right posterior colporrhaphv, 
ovary, Mechel’s right oophorectomv , 

div erticulum with appendectonn , excision 
phvsiologic mucosa of Mechel’s diverticulum 

8 29 51 

M M 

24 

Female 

Cervical ulceration, 
uterine retroflexion 

Heterotopic gastric 
mucosi in Mechel’;, 
diverticulum, 
Appendix 

Dilation, curettage, 
cauterization of cervix, 
Montgomerv Simpson 
suspension of uterus, 
appendectomv, excision 
of Mechel * div erticulum 

8 30 51 

DK 

4 

Male 

Appendicitis 

Appendix, Phvsio- 
Iogical mucosa m 
Mechel’s diverticu¬ 
lum 

\ppendectomv, segment¬ 
al resection of ileum 
with end to end 
anastomosis 

9 6 51 

CR 

37 

Male 

Appendicitis 

Chronic appendi¬ 
citis, phv siologicil 
mucosi in Mechel’s 
dtv erticulum 

Appendectomv , excision 
of 'Mechel’s div erticulum 

10 7-51 

JK 

11 

Female 

Appendicitis 

Appendectomy , 
Mechel’s diverticu¬ 
lum with gastric 
mucosa 

Appendectomv, excision 
of Mechel’s diveiticulum 

12 31-51 

RS 

25 

Male 

Acute suppurative 
appendicitis 

Acute suppurative Appendectomy, excision 
appendicitis, Mech- of Meckel's diverticulum 
el’s diverticulum 
with ileal mucosi 

1 29 52 

EM 

25 

Female 

Anal fissure, right 
ovarian cyst 

Appendectomy, 
Mechel’s diverticu 
lum with ileal 
mucosa of appen¬ 
dix, follicular cyst 
of ovary 

Anal fissurectomy, right 
oophoiectomy, appen¬ 
dectomy , excision of 
Mechet s diverticulum 

10 24 53 

BC 

14 

Female 

Acute appendicitis 

Chronic oblitera 
tive appendicitis, 
Mechel s diverticu¬ 
lum with gastric 
mucosa 

Appendectomy, segment 
al ileal resection with 
end to end anastomosis 

10 28 53 

RG 

9 

Male 

Acute appendicitis 

Disease of appen¬ 
dix, Mechel’s di 
verticulum with 
physiologic mucosa 

Appendectomy, excision 
of Mechel’s diverticulum 

1 26 55 

WK 

3 

Male 

Right inguinal 
hernia 

Appendix, Mechel's Right inguinal hernioi 
div erticulum with rhaphy, appendectomy , 
ileal mucosa her- excision of Mechel’s 
mal sac diverticulum 

1 24 55 

ES 

35 

Female 

Cervicitis, ovarian 
cy st 

Follicular cysts of 
ovary, Mechel’s 
div erticulum w ith 
small bowel mucosa 

Oophorectomy, seg 
mented resection of 
ileum with end to e 
anastomosis 

G 29 56 

DR 

9 

Male 

Appendicitis 

Appendix, Mechel’s Appendectomy, e 
diverticulum with of Mechel’s divert 


physiologic mucosa 
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Three of the diverticula were lined with 
mstric mucosa, 13 with physiologic or 
'•mall bowel mucosa, and none with pan¬ 
creatic tissue. 

The youngest patient was a 3-year-old 
boy operated on for a right inguinal 
hernia. The oldest was a 42-year-old 
woman operated on for large uterine 
fibroids. 

In 9 of the cases the operation was for 
appendicitis. Of the female cases where 
operation was performed for pelvic path¬ 
ology, a diverticulum was also present 
which gives rise to the importance of a 
thorough examination. Meckel’s divertic¬ 
ulum is more prevalent in the younger 
age group, six were adults in this series. 

SUMMARY 

he surgeon should never overlook a 
iverticulum as the possible source of 
symptoms. This applies to any acute ab¬ 
dominal emergency, especially in a child, 
as well as to pelvic surgery. Because of 
the complications, diverticuli should be 
sought for and removed, since the time 
element is minimal and the operation is 
not hazardous to the patient. 

It is urged that the diverticulum be 
completely excised or resected rather 
than inverted or left alone, whether it is 
encountered by chance or as the cause of 
an acute abdominal emergency. 

Inversion should be avoided, because a 
purse-string suture forms a polypoid 
tumor in the small bowel, which may in¬ 
duce intussusception. 

SU MARIO 

Os diverticulos podem ser a causa de 
sintomas e devem ser examinados pelo 
cirurgiao. Tal aplica, a qualquer emer- 
gencia abdominal aguda especialmente em 
cerariqas bem conio em cirurgia pelvica. 
Devido as complicates os diverticulos 


devem ser pesquisados e removidos de vez 
que o elemento tempo e minimo e a opera¬ 
te nao e perigosa para o paciente. 0 
autor insiste na necessidade de que os di¬ 
verticulos sejam tratados por excisao com- 
pleta ou resseeados ao inves de inversao 
quer sejam eles encontrados como achado 
operatorio ou causa de emergencia ab¬ 
dominal aguda. A inversao nao deve ser 
praticada de vez que a sutura em boisa de 
tabaco forma um tumor polipoide no in- 
testino delgado capaz de induzir a uma 
intucepqao. 

RIASSUNTO 

II ehirurgo non deve mai dimenticare 
che il diverticolo puo esser causa di dis- 
turbi; questo principio e valido in ogni 
quadro addominale acuto, specialmente in 
bambini, e anche in chirurgia pelvica. I 
diverticoli devono essere temuti per le loro 
complicazioni e asportati, tenuto conto 
anche della facilita della loro rimozione. 

E’ necessario che il diverticolo venga 
resecato completamente piuttosto che in- 
troflesso o lasciato in sede, sia che lo si 
incontri per caso che per una condizione 
addominale acuta. 

L’introflessione deve essere evitata 
perche la sutura a borsa di tabacco forma 
un tumore polipoide nel tenue che puo 
causare invaginazione. 

RESUMEN 

El cirujano nunca debe considerar un 
diverticulo como asintomatico: esto se 
debe tener en cuenta en cualquier abdomen 
agudo, especialmente en el nino, asi como 
en la cirurgia pelviana. Debido a las com- 
plicaciones a que puede, dar lugar, los di¬ 
verticulos deben ser extirpados, puesto que 
el tiempo necesario es minimo y la op¬ 
eration no es peligrosa ni arriesgadapara 
el paciente. 

Es necesario extirpar completamente el 
diverticulo, y no invertirlo o abandonado, 
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bien sea hallado por easualidad o como 
causa de un abdomen agudo Debe en- 
tarse la unersion porque una sutura en 
bolsa de tabaco puede dar lugar a un 
tumor polipoide en el intestino delgado, 
que pudiera original una intususpeccion 

ZUSAMMENFASSUNG 

Der Chirurg so lte memals ubersehen, 
dass era Divertikel die Quelle \on Krank- 
heitserscheinungen sein kann Diese War- 
nung muss bei alien Notoperationen bei 
akuten Bauchzustanden besonders beim 
Kmde und auch in der Chirurgie des 
klemen Beckens beachtet werden Diver¬ 
tikel konnen zu Komplikationen fuhren, 
und besbalb soil man nach lhnen suchen 
und sie entfernen, besonders da damit kein 
nennenswerter Zeitverlust verbunden 1 st 
und die Operation kein besonderes Risiko 
fur den Patienten einschliesst 

Der Verfasser dnngt darauf, Divertikel 


volhg zu resezieren anstatt sie einzustul- 
pen oder unbeachtet zu lassen, gleichgul- 
tig ob man lhnen nur zufallig begegnet, 
oder ob sie die Ursache ernes akuten 
Notzustandes m der Bauchhohle darstel- 
len 

Er yvendet sich gegen die Emstulpung 
des 3)i\ ertikels, da eine Tabaksbeutelnaht 
erne polvpoide Geschv ulst lm Dunndarm 
bildet, die zur Im agination fuhren kann 

RESUME 

Le chirurgien ne dev rait jamais negliger 
le role possible d’un dr, erticule comme 
source de sy mptomes, qu’il s’agisse d’un 
abdomen aigu un d’un etat pehien Etant 
donne la possibilite de complications, les 
div erticules sont a extirper radicalement 
L’operation est bre\ e et sans danger 

L’lm asion est a ev iter car une suture en 
bourse forme une tumeur polvpoide dans 
le grele (danger d’lm agination) 


Home from the first World War came the surgeons of man) lands, fatigued m 
mind and spirit, but refreshed b) professional achievement In the grim laboratory 
of the casualty clearing station tliej had learned some neu ideas, some control over 
wound healing, success in injuries to bones and joints, recognition of ps)chological 
maladies under the provisional name of shell shock But the greatest advance was the 
new confidence which medicine had gained The generation of surgeons who were 
at their best between 1914 and 1918 which included the two Mayo brothers, Harve) 
Cushing and Berkele) Moymhan, was the first to have grown to matuntj in the 
routine of antisepsis The peace settlement of Versailles endured for harcfly ten years 
But wartime surgery became a permanent part of human culture 

—Williams 
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Cardiovascular Surgery 


Pharmacologic Arrest of the Heart in 
Experimental Animals 

A New Technic Applicable to Cardiac Surgery 

P. MONDINI, M.D., F.I.C.S., C. ZACCARINI, M.D., P. ZILIOTTO, M.D., 
L. CAVALLONI, M.D., and A. PORRO, M.D. 

PADUA, ITALY 


T HE many difficulties met by surgeons 
in cardiac surgery have suggested to 
us the following experiments in ob¬ 
taining a temporary but perfectly revers- 
; ble arrest of the heart. 

The continuous movement of the heart 
institutes a serious obstacle to surgical 
maneuvers. Consequently, any delicate op¬ 
eration becomes highly problematic. 

In the case of an operation on a heart 
rendered bloodless by hj'pothermia or by 
crossed circulation or with the use of a 
cardiopulmonary apparatus, the communi¬ 
cation between the cavities of the heart 
and the open air, due to the alternative 
systoles and diastoles, causes a suction of 
air and consequently the death of the pa¬ 
tient by air embolism. In any case, even 
the maneuvers of the surgeon are an ob¬ 
stacle to the normal cardiac cycle, because 
they can cause overwork of the heart; 
hence the possibility of an irreversible ar¬ 
rest. To surgical trauma the heart often 
responds with rhythmic variation, extra¬ 
systoles and fibrillation or arrest. 

It occurred to us that the possibility of 
arresting the heart in diastole, maintain¬ 
ing the arrest during the performance of 
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Director) and the Institute of Surgical Anatomy (Prof. L. 
Mcncghetti. Director), and the Institute of Pharmacology 
(Prof. L. Meneghetti. Director) University of Padua. 
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the endocardiac operation and restoring 
normal rhythm to the heart at the end of 
the surgical intervention would enable us 
to avoid any of the aforementioned incon¬ 
veniences. 

In experimental animals (dogs) we have 
obtained reversible cardiac arrest in dia¬ 
stole, both by intraarterial countercurrent 
administration of sodium citrate (Mon- 
dini-Fabris, 1954) and by the administra¬ 
tion of potassium citrate (Melrose and 
others, 1955) in the aorta ascendens, that 
has given really encouraging results. 

In our experience of cardiac arrest with 
sodium citrate however, the period of re¬ 
animation is rather long and the validity 
of cardiac contractions after the arrest is 
not satisfying; therefore, because of the 
enormous importance that this argument 
has in the field of endocardiac open-view 
surgery, we have performed new experi¬ 
mental researches with the aim of reach¬ 
ing a better solution of the problem. 

Theoretic Premises and Experimental 
Researches on the Isolated Heart. — For 
the past fifteen years much attention has 
been focused on the role of acetylcholine 
in the determination and maintenance of 
cardiac rhythm. Because of this action 
it has been qualified as “the cardiac 
rhythm hormone” (Spadolini). Thus, 
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from a mere chemical mediator of the 
nervous impulse, as known a few years 
ago, acetylcholine has attained the level 
of a hormone of primary importance. To¬ 
day it is considered an active principle, 
produced during activity of the cardiac 
muscle and regulating and ruling the ac¬ 
tivity itself. 

In 1947 Spadolini observed on the my¬ 
ocardium of Bufo vulgaris some reactions, 
depending from various forms of stim¬ 
ulations and which were connected with 
the production of acetylcholine, a factor 
that influences diphasically the mechanism 
of contraction of the cardiac fiber. The 
same author in 1940 had demonstrated the 
capacity of acetylcholine to cause, on the 
cardiac contraction, positive or negative 
effects, depending on its concentration on 
the point of action. On the basis of many 
observations, even on associated isolated 
hearts, Spadolini (1949) foresaw not only 
the possibility of the production of acetyl¬ 
choline during the metabolism of the myo- 
cardiac fibers, but the essence of the afore¬ 
mentioned production as a condition neces¬ 
sary for the maintenance of the normal 
heart beats. This action of acetylcholine 
on the myocardium was demonstrated by 
Bum and his co-workers (1949), who, on 
isolated auricles of rabbits blocked with 
paludrine, induced reestablishment of the 
contractile rhythm under the action of ace¬ 
tylcholine, concluding therefrom that the 
activity of the auricular muscles and the 
synthesis of acetylcholine are in a direct 
correlation. Burn went so far as to state 
that at the level of the cardiac musculature 
the contraction took place under the action 
of acetylcholine, synthesized by the myo¬ 
cardium itself, and was due to a local hor¬ 
mone: a hormone produced by the tissue 
on which it acts, and which is almost 
wholly independent of control by the cen¬ 
tral nervous system. 

We can observe here how the Italian 
school (Spadolini and his co-workers) and 


the British school (Burn and his co¬ 
workers), through similar experiences, 
have come to the same conclusion, which 
places the acetylcholine in the center of 
the contractile mechanism of the heart, 
and have individualized within it (I) a 
diphasic action, related to its concentra¬ 
tion and (2) an endogenous origin, de¬ 
pending on the activity of the myocar¬ 
dium. 

On the basis of the aforementioned con¬ 
clusions, we can retain that normally the 
heart heats under the influence of acetyl¬ 
choline, which, according to its concentra¬ 
tion, conditions the contractile rhythm of 
the myocardium. Any quantity of acetyl¬ 
choline greater or less than the normal 
would cause, in respect of either absence 
or excess, arrest of the normal cardiac 
rhythm. 

On the basis of such data, we did our 
researches on the isolated hearts of rab¬ 
bits and dogs in order to examine the pos¬ 
sibility of artificial arrest of the heart. 
For this purpose we tested the inhibitory 
effect of an excess of acetylcholine on the 
cardiac rhythm. 

We began our experiments with Spado- 
lini’s observations in mind—the depress¬ 
ing and, later, inhibitory effects of a high 
concentration of acetylcholine on the car¬ 
diac rhythm of the isolated hearts of mam¬ 
mals. 

Nevertheless it is not possible to apply 
in surgical practice the experiments of 
Spadolini. In a non-isolated heart the 
cardiovascular responses to acetylcholine 
deviate as a result of the carotid-aortic re¬ 
flexes coming from batmosensible zones, 
and not all organs show the same sensibil¬ 
ity to this drug, in spite of the superposi¬ 
tion in the organism in toto of ganglionic 
nicotinic actions. We wish to mention 
here the rapid destruction of the hormone 
under the action of the cholinesterases ex¬ 
isting in blood and tissues (cholinesterases 
and pseudocholinesterases). 
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Table 1, — Data on Experimental Arrest of Canine Heart 

Dog 

Technic of 
Administration 

Duration 
of A rrest 

Type 
of Arrest 

Results 

Comment 

1 

I 

7'30" 

Total 

Living 

v 


I 

6' 

Total 

Living 

K 

6 


5'15" 

Total 

Living 


4 

I 

7'20" 

Partial 

Living 


5 


7'45" 

Total 

Died 

Hemothorax 

6 


8' 

Total 

Living 


7 


8' 

Total 

Living 


o 


8’ 

Total 

Died 

Hemothorax 

9 

i 

8' 

Total 

Living 


10 

Coronary / 

7'50" 

Total 

Living 


11 

perfusion \ 

8' 

Total 

Living 


12 


8' 

Total 

Living 


IS 


8' 

Total 

Died 

Anoxia 

14 


4'40" 

Partial 

Died 

Hemorrhage 

15 


4'30" 

Partial 

Living 


16 


8’ 

Total 

Died 


17 


7'15" 

Total 

Living 


18 


8' 

Total 

Living 


19 


' 8' 

Total 

Living 


20 


6'30" 

Partial 

Living 


21 


8' 

Total 

Living 


22 


8' 

Total 

Living 


9 3 


8' 

Total 

Living 


■24 

Coronary 

7'30" 

Total 

Living 


25 

perfusion / 

7'15" 

Total 

Living 


26 

with \ 

8' 

Total 

Living 


27 

hooded | 

8' 

Total 

Living 


28 

sound 

7' 

Total 

Died 

Hemorrhage 

29 

1 

8’ 

Total 

Living 


30 

i 

8' 

Total 

Living 


31 

! 

1' 

Total 

Living 


32 


1*30" 

Partial 

Living 


33 

: 

3'15" 

Partial 

Living 


34 

Direct j 

f 4' 

Partial 

Living 


35 

injection / 

45" 

Partial 

Living 


36 

into \ 

30" 

Total 

Living 


37 

ventricular 

1*15" 

Total 

Living 


38 

walls 

1'50" 

Partial 

Living 


39 


l'lO" 

Total 

Living 


40 


1'40" 

Partial 

Living 


41 

1 

1 — 

A-V block 

Died 

Lesion of pacemakers 

42 

Injection / 


A-V block 

Living 


43 

near ( 

.- 

A-V block 

Living 


44 

S-A and A-V \ 

_ 

A-V block 

Died 

Lesion of pacemakers 

45 

nodes i 

1 - 

A-V block 

Died 

Gaseous embolism 

46 


1 3' 

Total 

Died 


47 

Retrograde 1 

2'15" 

Total 

Died 

Lesion of coronary sinus 

48 

perfusion of / 

37" 

Partial 

Living 


49 

coronary \ 

4'50" 

Total 

Living 


50 

vessels 1 

i 6'15” ' 

Total 

Died 

Lesion of coronary sinus 
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We made further experiments, there¬ 
fore, to find a pharmacologic association, 
suitable to our purpose, which consisted 
of the following desiderata: 

1. Immediate arrest of the heart in dia¬ 
stole. 

2. Prolongation of cardiac arrest ac¬ 
cording to operative necessity, without 
toxic effects on the myocardium. 

3. Avoidance of toxic effects on other 
organs or systems. 

4. Rapid restoration of spontaneous, 
rapid and rhythmic pulsations after ad¬ 
ministration of the drug. 

For this purpose we made a first group 
of experiments on 36 hearts (isolated by 
the method of Spadolini - Langendorff) 
from 15 rabbits and 21 dogs, using for the 
perfusion a Ringer-Locke solution for the 
rabbit hearts and a solution of Ringer- 
Locke plus blood for the dog hearts. 

We have tried the administration of 
procaine hydrochloride combined with ace- 
tylchlorine, for various reasons; above all, 
for its inhibitory action on the cholines¬ 
terase. Even in small quantities this drug 
causes a decrease in the frequency and 
force of cardiac contraction. Its anti- 
arrhythmic and antifibrillatory action 
were useful to our purpose. 

The combination of 500 Gm. of acetyl¬ 
choline, 500 Gm. per cubic centimeter, with 
procaine hydrochloride, 200 Gm. per cubic 
centimeter, produced in the isolated dog 
heart a prolongation of arrest. 

At the end of the perfusion and subse¬ 
quently, the return to the normal state 
was good. We observed, after three to 
eight minutes, contractions with inotrop- 
ism equal to normal; the conditions, with 
a rhythm was regular, although frequency 
was reduced. 

The minimum concentrations of the 
two drugs that gave the most satisfactory 
results were as follows: 

1. Isolated rabbit heart: acetylcholine, 


100 Gm., and procaine hydrochloride, 200 
Gm., per cubic centimeter. 

2. Isolated dog heart: acetylcholine, 
500 Gm., and procaine hydrochloride, 200 
Gm., per cubic centimeter. 

To obtain a prompter and more valid 
return to the normal conditions, we added 
to the perfusion of acetylcholine procaine 
hydrochloride and another substance, 
adenosyntriphosphoric acid, or ATP, which 
is the primary source of energy in the 
dynamics of muscular contraction. As to 
its action on isolated and perfused hearts 
of dogs and rabbits, it increases the force 
of the contractions and their frequency 
(Babskij). Its action has proved useful 
in controlling ventricular fibrillation in¬ 
duced electrically in the isolated heart of 
a mammal (Fisher and Froelicher). It is 
interesting to remember that cardiac in¬ 
sufficiency due to asphyxia of the myocar¬ 
dium indicates the absence of atp in the 
cardiac fiber (Chang, Miller and others; 
Schumann; Greiner). It has also been 
observed that atp acts as an anti-intoxi¬ 
cant in the presence of cardiac “fatigue” 
and in cases of poisoning from various 
drugs such as evipan, pentothal and panto¬ 
caine, procaine hydrochloride (Porro). It 
was for these reasons that we added atp 
to the perfusion solutions. The result was 
that we obtained satisfactory restoration 
in a very short time (thirty to one hundred 
and twenty seconds) and with a very 
small concentration (10 to 15 Gm. per 
cubic centimeter). By combining these 
substances we obtained in rabbit and dog 
hearts an arrest of more than ten minutes 
in 70 per cent of the cases. 

The doses that responded most to our 
purpose were: 

Rabbit heart: acetylcholine 100 Gm., 
procaine hydrochloride 200 Gm. and ATP 
20 Gm. per cubic centimeter. 

Dog heart: acetylcholine 500 Gm„ pro¬ 
caine hydrochloride 200 Gm. and ATP 50 
Gm. per cubic centimeter. 
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Table 2. —Optimal Dosage of Combined Acetylcholine, Procaine Hydrochloride and ATP 

Technic of 

Administration 


Dose of Mixture 

Amount 

Injected 
per cc., Gm. 

Direct injection into ventricular 
walls 

Act. 

ATP 

4 mg./cc.—procaine 

100 Gm./cc. 

800 

Injection near the S-A and 

A-V nodes 

Act. 

ATP 

2mg./cc.—procaine 

50 Gm./cc. 

400 

Coronary perfusion 

Act. 

ATP 

2 mg./cc.—procaine 

80 Gm./cc. 

400 

Retrograde perfusion of 
coronary vessels 

Act. 

ATP 

2 mg./cc.—procaine 

80 Gm./cc. 

400 


In all cases the return of cardiac activ¬ 
ity, after administration of the drugs was 
discontinued, was rapid and valid. We 
therefore considered this pharmacologic 
combination as the most suitable one for 
arrest of the heart in our experiments 
with endocardiac open operations. 

The Pharmacologic Arrest In Vivo .— 

' ransposition of the pharmacologic ar- 

■st from the isolated heart to one in vivo 
a* nonisolated created other important 
problems. In fact, the difference between 
the two is obvious and comprehensible: 
in an isolated heart the neural connections 
with the rest of the organism do not exist 
and there is almost no cardiac work. In 
a nonisolated heart it is necessary for the 
pharmacologic mixture to reach it without 
dispersion in the circulatory system, thus 
reducing to a minimum the inactivation, 
carried on by tissue esterases, of the en¬ 
zymatic substances that form our mixture; 
hence our exclusion of intravenous admin¬ 
istration of tho drugs. 

Our experiments were done as follows: 
General barbituric anesthesia was induced 
endovenously, after a preanesthetic with 
morphine (1 eg. per kilogram of body 
weight) plus fargan (2 mg. per kilogram). 
Refrigeration to 2S or 29 degrees was em¬ 
ployed to reduce the metabolic demands of 
the*tissues and increase the period of car¬ 
diac arrest without the help of a substi¬ 
tute circulation, thus permitting further 


studies of arrest itself and its conse¬ 
quences. 

Electrocardiographic and chymographic 
control was maintained during the exper¬ 
iment. 

The operation was carried out in the 
following way: after thoractomy of the 
right fourth intercostal space, we passed 
a tape around the superior and inferior 
venae cavae near their openings into the 
right auricle. Having opened the pericar¬ 
dium, we rendered the heart bloodless by 
stopping, by means of the tape, the flow 
of venous blood, after which we injected 
the drugs to arrest the heart. 

It must be remembered that the total 
concentration and dose of the various 
drugs used for pharmacologic arrest of the 
dog heart are much higher than those re¬ 
quired for the same result in a heart iso¬ 
lated by the Spadolini-Langendorff method. 

For the administration of the mixture 
we experimented with the following tech¬ 
nics : 

1. Coronary perfusion with arterial 
blood plus drugs. 

2. Retrograde perfusion of the coro¬ 
nary vessels with arterial blood plus diugs 
by means of a sound introduced into the 
coronary sinus. 

3. Direct injection of the mixture into 
the ventricular walls of the myocardium. 

4. Injection of the mixture near the 
sinus-atrial and atrioventricular nodes. 
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Results. — Administration by injection 
into the ventricular icalls of the myocar¬ 
dium: This type of administration is easy 
after the pericardium is opened, and it was 
employed with 10 dogs. The liquid, in¬ 
jected into the cardiac muscle near the 
apex, spreads in an area 2 to 3 cm. in 
diameter and disappears after two to three 
minutes, absorbed through the capillaries. 
The trauma is slight, and the hemorrhage 
caused by the puncture ceases within a few 
seconds. All dogs survived, but the car¬ 
diac arrest obtained was short and partial, 
so that it was impossible to operate. The 
short duration of the arrest, which in our 
opinion was sometimes incomplete, is to 
be attributed to slow absorption of the 
drugs as compared with the velocity by 
which they are broken down and inacti¬ 
vated by the various esterases. 

Administration by injection near the 
sinus-atrial and atrioventricular nodes: 
This method was tried on 5 dogs. It pre¬ 
sented technical difficulties due to the ab¬ 
sence, in beating and closed hearts, of ana¬ 
tomic points leading to the nodes. This 
made it difficult to reach the optimum 
point and depth. Furthermore, there al¬ 
ways exists the possibility of lesions of 
the autonomic nervous system, especially 
if great quantities of liquid are injected. 
We did not obtain arrest of the heart, but 
an atrioventricular dissociation with total 
arrhythmia which, in fortunate cases, was 
protracted five to fifteen minutes and then 
suddenly disappeared. In two cases, after 
twelve minutes of atrioventricular block¬ 
ing, the dog died, probably of nodal dam¬ 
age. 

Administration by retrograde coronary 
perfusion through the coronary sinus: 
This was tried on B dogs. We attempted, 
by this method, to send the mass of the 
mixture to the heart. With a special 
sound and with the right auricle open, we 
entered in the coronary sinus through its 
opening in the right auricle and introduced 


the liquid in such a way as to create a 
reversed circulation in the coronary area. 

We obtained total arrest lasting from 
two to six minutes. We gave up this tech¬ 
nic, however, because of the serious han¬ 
dicap involved in the necessary atriotomy 
and the facility with which lesions of the 
sinus may occur. Two dogs died as a re¬ 
sult of the complications mentioned. 

Administration by perfusion through 
the coronary arteries: This is the most sat¬ 
isfactory of all the methods we tried, be¬ 
cause it permits a rapid distribution of 
the drugs in the myocardium through the 
coronary arteries. Furthermore, by the 
afflux of arterial blood to the myocardium, 
the danger of ventricular fibrillation due 
to anoxia is practically eliminated. The 
experiment was performed on an initial 
group of 20 dogs, with use of a simple 
sound, and on a second group of 10 dogs, 
with use of a hooded sound. The equip¬ 
ment we used for perfusion is simple: it 
consists of a glass ball containing heparin¬ 
ized arterial blood, into which is inserted 



q '**m*mm 

Fig. 1.—Myocardiograms (isolated dog hearts 
arrested pharmacologically). A, arrest by 500 
mg. acetylcholine and 100 mg. procaine hydro¬ 
chloride per cubic centimeter, plus ATP. Dura¬ 
tion of arrest, fifteen minutes. B, arrest with 500 
mg. acetylcholine and 200 mg. procaine hydro¬ 
chloride, plus ATP. Duration of arrest, seven 
minutes and twenty seconds. C, first arrest with 
iOO mg, acetylcholine per cubic centimeter, dura¬ 
tion of arrest twenty-five seconds: second arrest 
with 100 mg. acetylcholine and 100 mg. of pro¬ 
caine hydrochloride per cubic centimeter, duration 
of arrest fifty-six seconds. 


25 



JOURNAL OF THE INTERNATIONAL COLLEGE OF SURGEONS 


JULY. 1957 



Pig. 2 .—Hooded sound (note inset showing tip) 
employed in coronary perfusion for closure of 
aorta. 



pier 3 _Technic of cardiac arrest by coronary 

uerfusion of oxygenated blood plus pharmacologic 
mixture. The sound shown m Figure 2 is em- 
nloved The blood used for coronary perfusion, 
even if the dog is under artificial hibernation, is 
maintained at 36 to 37 C, the optimum tempera¬ 
ture for preventing ventricular fibrillation. 


a siliconated tube that passes through a 
thermostatic chamber regulated at 36 to 
37 degrees. The tube is united by means 
of a Y tube to a sound, which is introduced 
into the right carotid or the right sub¬ 
clavian artery until it reaches the ascend¬ 
ing aorta and the exact point of origin of 
the coronary arteries. The other branch 
of the Y tube is connected with the syringe 
that contains the pharmacologic mixture. 
Before beginning the experiment it is nec¬ 
essary to arrest the circulation by blocking 
the afflux of venous blood to the heart. 
To avoid dispersion of the pharmacologic 
mixture in the arterial tree, in the first 
group we surrounded the ascending aorta 
with a tape until the walls of the artery 
were close to the sound; in the second 
group we constructed a hooded sound suit¬ 
able to our purpose. This sound, 50 cm. 
long, has an external diameter of 4 mm. 
(Fig. 2 ). After it has entered the aorta, 
the sound is fixed and held in place by dis¬ 
tending the hood (a rubber ball) by means 
of a physiologic solution. In this way the 
technic of the coronary perfusion was 
much easier than the others, eliminating 
trauma to the aorta and the small but 
constant bleeding of the pericardia] tissue 
caused by the tape around the ascending 
aorta (Fig. 3). The use of a physiologic 
solution instead of air to distend the rub¬ 
ber hood, eliminates the danger of gaseous 
embolism in case of rupture of the hood 
itself. 

Since the coronary afflux, even if arti¬ 
ficially regulated, continues in an arrested 
heart, we used suction to divert the blood 
that flows in the right auricle through the 
coronary sinus and the Thebesian vessels. 

Of 20 dogs operated on by the first pro¬ 
cedure, 3 died of hemorrhage and 2 of 
probable anoxia of the nerve centers. Of 
the 10 dogs operated on by the second pro¬ 
cedure, only 1 died of probable anoxia of 
the nerve centers. 

The period of arrest varied from four 
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to eight minutes. In ail eases the arrest 
was almost immediate, taking place a few 
seconds after the injection, as if it were 
the result of the contact between the drugs 
and the myocardiac cells. 

The electrocardiograms show clearly the 
sudden passage from normal frequency to 
cardiac arrest (Figure 4 A). In a few 
cases, perhaps owing to a greater dilution 
of the drugs that reached the heart, total 
arrest was preceded by a brief period of 
decreased frequency (Fig. 4 B). 

The arrest takes place in diastole. The 
heart is motionless, with relaxed walls, 
and offers the best possible conditions for 
the surgical procedure. 

Mechanical stimulation of the myocar¬ 
dium, such as that following atrioventric- 
ulotomy, did provoke a few extrasystoles. 

Restoration of the cardiac activity took 
place quickly, a few seconds after cessa¬ 
tion of the drugs, without the help of elec¬ 
trical stimulation or cardiac massage. 

To avoid the danger of cardiac exhaus¬ 
tion due to an overload, we preferred a 
gradual return to the normal afflux of ve¬ 
nous blood to the organ; for the first four 
or five minutes the circulation was limited 
to the "azygos afflux.” Subsequently the 
normal circulation was restored by taking 
off the tapes around the venae cavae. In 
a few cases, in which the cardiac arrest 
was prolonged to eight minutes (the time 
considered maximum for toleration of the 
arrest), we tried to facilitate return of 
the cardiac function to a normal level by 
massage of the myocardium for two or 
three minutes. In all cases, restoration to 
the normal function was valid, as is shown 
by the optimal differential pressure reg¬ 
istered in the chymogram. 

In no heart so treated did we observe 
any ventricular fibrillation, which presents 
the most serious danger in endocardial op¬ 
erations performed with simple artificial 
hibernation. In our opinion, this may be 
due to oxygenation of the myocardium by 
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Fig 4—Phases of pharmacologic caidiac arrest 
as shown in electrocardiogiams A, first and sec 
ond tracings, immediate arrest, third and fourth 
tracings, first contractions of the heart after ar¬ 
rest B, first tracing, arrest after extiemely buef 
period of bradycardia; second tracing, reestab¬ 
lishment of some pulsations after reduction of 
the speed with which drugs were administered; 
third and fourth tracings, spontaneous reestab¬ 
lishment of pulsations after arrest One notes a 
brief period of arrhythmia (about forty seconds) 
before the return of normal rhythm. 

the blood perfusion, even when the venae 
cavae are closed, and to a specific antifibril- 
latory action of the pharmacologic mix¬ 
ture. 

The experiments that we are perform¬ 
ing at present seem to confirm this. In 
83 per cent of the cases we obtained a pe¬ 
riod of arrest in excess of seven minutes. 
In this respect we think it worth noting 
that setting a maximum time of 8 minutes 
does not mean that it is impossible to pro¬ 
long the arrest further. It was strictly lim¬ 
ited in these experiments because rve kept 
in mind the fact that the animals could not 
survive if the heart were arrested longer, 
even under artificial hibernation. The 
electrocardiographic data, which will be 
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further discussed, have proved that car¬ 
diac arrest by administration of acetyl¬ 
choline, procaine hydrochloride and ATP, 
even if prolonged to eight minutes, causes 
no damage to cardiac activity, which 
seems restored promptly, returning to a 
spontaneous sinus rhythm. 

On the basis of our studies and observa¬ 
tions, as yet still limited to the experimen¬ 
tal field, we have achieved our aims. We 
consider this technic the most suitable of 
those used until now to prevent the gas¬ 
eous embolism and to provide greater pre¬ 
cision, security and rapidity for surgical 
operations in the presence of bloodless car¬ 
diac cavities. 

In later experiments we have made some 
changes in our mixture for obtaining car¬ 
diac arrest by a simple technic of admin¬ 
istration, with a view to its application 
to operations on the human endocardium. 

SUMMARY 

An experimental study on 50 dogs in 
hypothermia was conducted in order to 
obtain a reversible arrest of the heart for 
as long as eight minutes, by means of a 
pharmacologic mixture. 

This technic permits the surgeon to 
perform endocardiac operations with 
safety in addition to the advantage of op¬ 
erating on the heart at rest. It offers 
another most important benefit, the pre¬ 
vention of gaseous embolism. 

ZUSAMMENFASSUNG 

An 50 Hunden im Stadium der Unter- 
temperatur wurden Versuche unternom- 
men, mit einer pharmakologischen Mis- 
chung einen reversiblen Herzstillstand von 
nicht weniger als acht Minuten zu er- 
zielen. 

Diese Technik gestattet nicht nur dem 
Chirurgen, Operationen innerhalb des 
Herzens mit Sicherheit und in Ruhe aus- 


zufuhren, sondern bietet auch den weit 
wichtigeren Vorteil, dem Auftreten von 
Gasembolien vorzubeugen. 

RESUME 

Une etude experimental sur 50 chiens 
en hypothermie a ete entreprise afin d’ob- 
tenir un arret reversible du coeur d’une 
duree allant jusqu’a 8 minutes, au moyen 
d’un melange pharmacologique. 

Cette technique permet au chirurgien de 
faire sans danger des operations endocar- 
diaques. En plus de l’avantage d’operer 
sur un coeur au repos, elle offre celui, plus 
grand encore, de prevenir I’embolie ga- 
zeuse. 

RIASSUNTO 

Sono stati eseguiti degli studi sperimen- 
tali su 50 cani in ipotermia alio scopo di 
ottenere un arresto cardiaco reversibile 
della durata di almeno otto minuti per 
mezzo di sostanze farmacologiche. 

Questa tecnica consente al chirurgo di 
eseguire operazioni endocardiache con si- 
cur ezza. Oltre al vantaggio di operare su 
un cuore fermo, il metodo permette anche 
di evitare l’embolia gassosa. 

RESUMEN 

Se ejectuo un estudio de 50 perios some- 
tidos a hipotermia para lograr un paro 
cardiaco reversible, paro que se obturo du¬ 
rante oclio minutos, usando una mezcla 
farmacologiea. 

Esto permite al cirujano efectuar opera- 
ciones endo cardiacas con seguridad ade- 
mas de la ventaja de operar en un corazon 
parado. Otro gran beneficio es que evita 
las embolias gaseosas. 

SUMARIO 

Foi realizado um estudo experimental 
em 50 eachorros para verificar, durante a 
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hipotermia, a possibilidade de parada car- 
diaca reversivel durante oito minutos, por 
meio de agentes farmacodmamicos 

Essa tecnica permite ao cirurgiao operar 
no interior do cora§ao com seguranca, 
alem da vantagem de estar o coragao em 
repouso oferece tambem a possibilidade de 
evitai o embolia gazoza 
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Most alarming among the problems presented to surgery to day is that of arte 
rial hypertension High blood pressure with its consequences is nothing new, and 
many famous men have died of apoplexy or lost their fire in the dotage of cerebral 
softening But they were old, and reached this ‘last infirmity of noble minds after 
a long life of scorned delights and laborious days The tragedy of the present time 
is that men and women are succumbing to the stress, before the) have time to 
bring their ideas to matunt) or to reap the reward of their labour 

—Ogilvic 
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G OOD results are generally obtained in 
more than 80 per cent of cases after 
surgical correction of prolapsed in¬ 
tervertebral disc. Over a protracted pe¬ 
riod, the remaining painfully disabled 
persons are usually subjected to a gamut 
of diagnostic and operative procedures: 
spinograms, discograms, exploratory lami¬ 
nectomies, rhizotomies and spinal fusions. 
If intractable pain continues after several 
Jnonths of conservative measures follow¬ 
ing the first operation, surgical approach 
to the spine, with exploi'ation of the inter¬ 
vertebral discs and the spinal nerve roots 
following a careful neurologic and spino- 
graphic examination, is justified, as in 
spinal fusion in the proper circumstances. 
The results of reoperation to loosen scarred 
nerve roots and to divide injured nerve 
roots have been sufficiently disappointing 
to discourage the procedure. The third or 
ultimate surgical treatment, therefore, for 
persistent severe radicular pain, should be 
cordotomy, or section of the lateral spino- 
thalmic tract in the spinal cord, which 
deprives the patient only of pain and tem¬ 
perature sense in the affected extremity. 

Typical cases are here presented that il¬ 
lustrate the various complicating problems 
encountered. Every means of conservative 
management must be exhausted in the pro- 
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longed and tolerant care of these invalids. 
The development of a psychosomatic or 
neurotic component must be expected in 
anyone who has chronic pain. It is an un¬ 
forgivable error to dismiss such a patient 
from medical care prematurely, assuming 
that his difficulty is entirely psychoneu¬ 
rotic. 

Neuropsychiatric evaluation and treat¬ 
ment as needed are essential before cordot¬ 
omy is considered. Bilateral prefrontal 
lobotomy is not recommended as a pain- 
relieving procedure in these cases, because 
of the resultant personality changes. It is 
gratifying to realize that a definite opera¬ 
tion, such as lateral spinothalamic tractot¬ 
omy, may provide comfort for these mis¬ 
erable persons. 

Four typical problem cases are summar¬ 
ized briefly. I performed only the laminec¬ 
tomies and cordotomies done after my first 
examination in each case. The patients had 
uncontrollable pain necessitating each op¬ 
eration after every conservative measure 
had been exhausted. A great deal of med¬ 
ical consultation preceded each surgical 
procedure. These cases involved highly 
complicated and rather discouraging med¬ 
ical problems. The end results, however, 
justified the effort and patience expended. 

REPORT OF CASES 

Case 1 .—A white man, 57 years old when 
first examined (May 3, 1948), had suffered 
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a back injury on Dec. 18, 1946. Because of 
disc trouble a spinogram bad been taken on 
June 4, 1947, followed by laminectomy to 
remove a right fifth lumbar and first sacral 
disc protrusion. The patient improved but 
had dull right sciatic pain, a cold and a blue 
leg, which was helped by etainon. A sympa¬ 
thetic block was also performed. The fifth 
lumbar and first sacral disc syndrome per¬ 
sisted. 

Laminectomy was performed on May 6, 
1948. The right first sacral root was densely 
scarred down. An arachnoid cyst 2 cm. in 
diameter was removed. The right first sacral 
root and the sensory part of the right fifth 
lumbar were cut. A spinal fusion was done. 
Examined on September 10, the patient was 
better but complained of weakness and cold¬ 
ness of the right foot. 

At examination on Feb. 11, 1949, the pa¬ 
tient had pain in the right leg, along its 
anterior aspect, and in the dorsum of the 
right foot. There was extensor contraction 
of the right toes. The right foot became red 
when dependent and blanched on elevation. 
Urination caused burning pain in the right 
leg. Coughing also caused pain. The im¬ 
pression was that of chronic adhesive arach¬ 
noiditis and peripheral vascular disturbance 
of the right leg and foot. 

The patient was examined again on April 
21, 1951. He had cramps in the right calf. 
The right leg and foot were cool and bluish 
red. The patient was unable to walk more 
than 1 or 2 blocks because of the pain in his 
leg. 

The right dorsalis pedis and the posterior 
tibial arterial pulses were reduced. A right 
lumbar sympathectomy was performed July 
10 . 

Examination on Nov. 4, 1952, revealed pain 
and hypersensitivity of the entire right leg, 
which was weak. The patient had muscle 
cramps in the right calf. The right leg was 
warm and dry. There was sensory loss in 
the fifth lumbar and first sacral dermatomes, 
and the right achilles reflex was absent on 
the right. Paresis of dorsal and plantar 
flexion of the right foot was present, as was 
hyperesthesia of the lateral aspect of the 
right thigh. 

On November 13 the left lateral spino¬ 
thalamic tract in the spinal cord was severed 
to a depth of 4 mm. at the fourth dorsal 
vertebral level. There was meningeal thick¬ 
ening in the operative wound. The patient 


was grateful to be free from pain for the 
first time in years. There was loss of pain 
below the right eighth dorsal dermatome, and 
some weakness was observed in the left leg. 

On Jan. 4, 1953, there was throbbing dis¬ 
comfort deep in the right tibial region and 
in the proximal lateral aspect of the thigh. 
Elevating this leg relieved the pain. There 
was no peripheral vascular deficiency. There 
was no pain sense below the eighth right 
dermatome beyond a slight degree on the 
forcible compression of the right Achilles 
tendon. There was no right plantar ‘Tickle 
sense.” 

Examination on July 2 and 24 disclosed a 
burning sensation in the body below the right 
costal margin, including the leg and foot, 
with some cutaneous hyperesthesia. The right 
leg was warm and dry. Straight raising of 
the right leg was somewhat painful at 65 
degrees; of the left leg, at 75 degrees. There 
was sensibility to pinprick in the right fifth 
lumbar dermatome. Tickle paresthesia was 
present in the right tenth to the right fifth 
lumbar dermatome. Extremely slight pain 
was elicited by compression of the right 
Achilles tendon. The impression was that a 
few pain fibers were intact in the lateral 
spinothalamic tract. The patient had been 
pain-free for two or three -weeks after the 
cordotomy. 

On September 29, a spinal anesthesia test 
was made. At an anesthetic level at the 
fourth thoracic dermatome there was still 
some burning discomfort in the right buttock, 
calf and ankle, which disappeared for about 
three hours after the anesthesia wore off. 
There was a pulling sensation in the right 
leg. The protein content of the spinal fluid 
was 40 mg. per hundred cubic centimeters. 

On September 30, the left lateral spino¬ 
thalamic tract was divided about 2.5 cm. 
above the previous level. There was arach¬ 
noidal thickening about the spinal cord at 
this site also. 

Examined on November 11, the patient 
complained of burning discomfort in the 
lateral part of the abdomen and the right 
hip, thigh, calf and foot, with cutaneous hy¬ 
peresthesia in these areas. The chest was 
sore and the legs numb. The burning pain 
was less severe than before the cordotomy of 
September 30. The patient used a cane and 
limped with the right leg. 

There was anesthesia below the right fifth 
thoracic dermatome. There was absence of 
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the right achilles reflex. On March 18, 1954, 
cordotomy was done at the second and third 
cervical vertebral levels. Examination on 
July 25 revealed analgesia on the right side 
below the third cervical segmental level. The 
patient still had burning pain in the right leg. 

Case 2. —P. D., a white woman, aged 19, 
was first examined on July 20, 1948. She 
had had an injury to the back on April 4, 
after which pain developed in the left leg. 
There was tenderness at the fifth lumbar-first 
sacral interspace. The straight leg raising test 
on the left gave positive results. Some sciatica 
was present on the right, and the left achilles 
reflex was reduced. 

A spinogram taken on December 12 showed 
a ridge defect at the fourth and fifth lumbar 
levels. A left fifth lumbar-first sacral disc pro¬ 
trusion was suspected. Laminectomy was per¬ 
formed on March 6, 1949, and soft bulging 
discs at the fifth lumbar-first sacral spaces 
were removed. 

Examined on June 3, 1950, the patient had 
pain in the back. The achilles reflex was re¬ 
duced, and there was hypesthesia at the first 
sacral level. The patient strained her back on 
December 15, 1950, and was confined to bed 
with a cast. In January 1951 a right fasci- 
otomy was pel-formed, relieving the back 
,pasm. 

A spinogram taken on February 17 showed 
a flattening defect on the left at the fourth- 
fifth interspace. The protein content of the 
spinal fluid protein was 46 mg. per hundred 
cubic centimeters. Laminectomy was per¬ 
formed on February 19, and scarred left fifth 
lumbar and first sacral roots were loosened. 
Degenerated disc tissue was removed from the 
fourth-fifth lumbar and the fifth lumbar-first 
sacral levels. 

Examined on April 5, the patient felt “quite 
good.” Some numbness and incoordination 
of the left leg were present, and there was 
moderate paresis of the dorsal and plantar 
flexors of the left foot. The left achilles re¬ 
flex was reduced, and there was hypesthesia 
at the first sacral level. Examination on 
August 11 and September 7 revealed that, 
although the patient was able to work, the 
back was stiff and painful and left sciatica was 
present. A back brace helped, a body cast was 
fitted on December 19. In January 1952, 
spinal fusion from the fourth lumbar to the 
first sacral level was performed. 

Examined on October 15, the patient had 
severe low back and left sciatic pain. Pres- 


suie in the third-fourth lumbar interspace 
caused pain to radiate into both thighs. There 
was paresis of dorsal and plantar flexion of 
the left foot. A spinogram taken on November 
20 showed a small left defect at the fifth lum¬ 
bar-first sacral level. The protein content of 
the spinal fluid was 27 mg. per hundred cubic 
centimeters. Laminectomy was done on No¬ 
vember 25, and pseudarthrosis of the spinal 
fusion graft at the third and fourth lumbar 
level was observed. 

There were no adhesions about the third, 
fourth and fifth lumbar nerve roots. The first 
sacral root was scarred down, and this nerve 
was divided intradurally. No arachnoid ad¬ 
hesions were observed. 

The patient was examined again on April 
7, 1953. There was a dull ache in the left leg. 
The left achilles and patellar reflexes were x-e- 
duced, and there was anesthesia at the fii-st 
sacral level. The left foot was weak. The 
patient was in a motor accident on April 10, 
and lumbosaci-al pain developed, as well as 
pain in the left leg. A plaster jacket was fitted 
on May 16. A spinogram taken on June 23 
revealed some in-egularity at the fourth and 
fifth lumbar spaces. The protein content of 
the spinal fluid was 14 mg. per hundred cubic 
centimeters. 

On June 25 the right lateral spinothalmic 
ti-act was cut to a depth of 4.5 mm. at the 
second-thii-d thoracic vertebral levels. Thei-e 
was ai'achnoidal thickening at this level. On 
June 26 the patient was free of pain, with pain 
loss below the left eighth thoi’acic dennatome. 
Thei’e was no plantar tickle sense and no pain 
in the achilles tendon on the left. Weakness 
of the right leg persisted for one or two days. 

The patient remained comfortable until she 
strained her back on October 20, when pain 
developed in the right leg and the legs became 
cold, with muscle cramps in the right calf. 

Both patellar and left achilles reflexes were 
l-educed. There was pain loss below the left 
eighth dorsal dennatome. 

There was some plantar tickle sense on the 
left, but no pain in the achilles tendon. A 
disc syndrome at the right fourth-fifth lumbar 
or the fifth lumbar-first sacral levels was sus¬ 
pected. 

A spinogrom taken on December 21 showed 
irregulai'ity at the fifth lumbai'-first sacral 
space. The protein content of the spinal fluid 
was 20 mg. per hundred cubic centimeters. A 
spinal anesthesia test was made on December 
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23, with relief of pain when the anesthetic 
reached the level of the iliac ciest on the right 
On December 29 the left lateial spinothalamic 
tract was cut to a depth of 4 5 mm at the 
fifth thoracic veitebial level and about 5 cm 
below the right cordotomy cut There was 
some arachnoid membrane thickening &bout 
the spinal cold Loss of pain developed below 
the light eighth doisal dermatome The pa¬ 
tient retained good function of the bowel and 
the bladder She leturned to work comfoit- 
able and fairly able 

In November 1954 this patient suffeied an 
injury of the head and neck in a motoi acci¬ 
dent She has had some seizures of petit mal, 
which weie contioiled medically, and has con 
tinued to work 

Case 3 —M 0 E, a white man aged 36, was 
fiist examined on May 10, 1951 He had un¬ 
dergone an injury to the back in Febiuaiy 
1946, and right sciatica had developed In 
February 1949 a laminectomy was done, with 
removal of a laige disc The spine was then 
fused The pain recurred A spinogram was 
taken in April 1949, followed by a laminec 
tomy, which revealed no disc piotiusion The 
difficulty persisted and was consideied due to 
neuralgia at the fifth Iumbai and fiist sacral 
levels 

A spinogram taken on March 2, 1952, 
showed a massive disc defect between the 
fourth and fifth Iumbai veitebrae The protein 
content of the spinal fluid was 65 mg per 
hundied cubic centimeters Laminectomy pei- 
formed on March 4 succeeded in lemoval of 
this disc and loosening of the scaned-down 
right fifth lumbar and first sacral roots In¬ 
tradural arachnoidal scai ring was obsei v ed 

At examination on June 28 the patient had 
constant burning pain in the entile right leg, 
corresponding to the third, fourth and fifth 
lumbar and first sacral segmental areas Pam 
was of radiculai rather than of the type as 
sociated with disc protrusion A diagnostic 
spinal anesthesia test was made on July 12, 
and when the anesthetic ascended to the tenth 
dorsal dermatome the patient was relieved of 
most of the pain in the right leg The protein 
content of the spinal fluid was 100 mg pei 
hundred cubic centimeters 

On July 14 the left lateral spinothalamic 
tiact in the spinal coid was divided to a depth 
of 4 mm at the third-fourth thoracic ver 
tebral level Examination on July 24 revealed 
loss of cutaneous and deep tendinous pain 


below the right costal maigm Some right 
plantai tickle sense, leg vibration sense and 
some tempeiatuie sensibility remained in the 
right leg The patient was lelieved of the 
burning pain but complained of a gnawing 
pain in the entire right leg, “as if lopes were 
pulling back and forth ” 

On August 6 a spinal anesthesia test was 
made At the anesthetic level of the sixth 
doisal dermatome the patient was relieved of 
about 75 pei cent of the distress in the right 
leg On August 9 the left lateral spinothal¬ 
amic tract was severed to a depth of 5 mm at 
the fiist and second doisal veitebral level Ex¬ 
amination on August 19 revealed pain and 
tempeiature loss below the light seventh tho- 
lacic deimatome There was some gnawing 
discomfort in the right thigh but no pain 
below the light knee During September the 
patient was given some shock theiapy because 
of anxiety and appiehension He improved 
and was able to work, tolerating some pain in 
the light leg 

When examined on June 21, 1956, he was 
vvoiking ten hours daily and doing many stren¬ 
uous tasks Theie was some annoying but not 
painful writhing and pulling sensation in the 
light thigh and calf muscles He occasionally 
missed a step with the right foot The light 
achilles reflex was absent There was com 
plete temperature and pain loss below the 
right eighth thoiacic deimatome Tickle pai- 
esthesia was present at the seventh and eighth 
thoiacic levels on the right The back was 
limber and without lumbar pain Straight 
leg raising to 90 degrees was possible Good 
musculai strength in the legs and feet was 
noted 

Case U —M T R , a white woman 31 yeais 
old, was first examined on May 21, 1953 She 
had suffered injurj to the back in a motoi ac 
cident on Feb 22, 1952 Pam developed in the 
left leg, and she was thought to have a pro 
lapsed disc 

A spinogiam taken on August 12 revealed 
no abnormality Laminectomy and spinal fu¬ 
sion were done on Septembei 25 A bulging 
disc was detected between the fourth fifth 
lumbar vertebrae Pain low in the back and 
in the left leg continued A spinogram taken 
on March 18, 1953, showed a defect on the 
left between the fifth Iumbai-first sacial ver¬ 
tebrae Laminectomy with removal of this pro- 
tiuding disc and spinal fusion was peiformed 
on March 24 Pam and numbness in the left 
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leg continued, and the left achilles reflex was 
reduced. 

A spinogram taken on March 6 revealed no 
abnormality. The protein content of the 
spinal fluid was 25 mg. per hundred cubic 
centimeters. Laminectomy was done on June 
5. No real disc protrusion was observed at 
the fourth-fifth lumbar or the fifth lumbar- 
first sacral interspaces. The fifth lumbar nerve 
root was scarred and was divided intradurally. 
The first sacral root, also scarred extradurahy 
and its sensory division cut intradurally. 
There were intradural arachnoidal adhesions. 

Examined on August 24 and September 21, 
the patient complained of pain low in the back 
and in both legs. The left foot was weak and 
the left achilles reflex absent. There was more 
sciatica on the right than on the left. The 
patient was four months pregnant. A mis¬ 
carriage occurred on Feb. 2, 1954, and after 
this there was sciatica on the left more severe 
than that on the right. The left leg and foot 
were cool. There was post-traumatic neural¬ 
gia at the fifth lumbar and first sacral levels. 

On May 7 the right lateral spinothalamic 
tract was sectioned to a depth of 4 mm. at the 
third to fifth thoracic vertebral level. Pain 
oss developed on the left below the eighth 
orsal segmental level, and the pain in the 
right leg was also relieved. Examination on 
December 14 revealed loss of pain and temper¬ 
ature sense below the sixth dorsal segmental 
level on the left. Some tickle sense was re¬ 
tained and there was an electric-like painless 
sensation on left plantar stimulation. No left 
abdominal or achilles reflexes were present. 
The patient improved, essentially pain free 
and able to work. 

On June 29, 1955, she was in a motor acci¬ 
dent, and pain developed low in the back and 
in the right leg. She was treated with leg 
traction. There was no sensation of pain on 
the left below the eighth dorsal segmental 
level. Straight raising of the left leg to S5 
degrees and of the right leg to 50 degrees was 
possible. 

Examination on February 20, 1956, revealed 
absence of the left achilles reflex. There was 
paresis of dorsal and plantar flexion of the 
left foot. Loss of pain sense remained on the 
left below the eighth thoracic dermatome. Ex¬ 
amination of the right leg revealed no abnor¬ 
mality. The patient continued to remain quite 
comfortable and able. 
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Spinal nerve roots must always be 
loosened thoroughly from fibrous adhe¬ 
sions in their course from the dural sac 
through the intervertebral foramens at 
the site of pathologic change in an inter¬ 
vertebral disc. Intraneural post-traumatic 
changes such as fibrosis may, however, 
perpetuate neuralgia even after such de¬ 
compression and mobilization. The divi¬ 
sion of injured spinal nerve roots either 
extradurally or intradurally in these cases 
has, in my experience, provided no appre¬ 
ciable relief of pain. The subsequent 
functional loss of motor and deep sensi¬ 
bility after nerve root section increases 
the disability; therefore, when the clinical 
problem has become complex to this ex¬ 
tent, as after two or three indicated lamin¬ 
ectomies for the intravertebral disc syn¬ 
drome with uncontrollable pain persisting, 
lateral spinothalamic tractotomy should be 
done. 

SUMMARY 

The author discusses the treatment of 
persistent pain after an operation on the 
intervertebral discs, stating that, although 
more than 80 per cent of good results are 
obtained after operations for prolapse of 
a disc, the patients who remain painfully 
disabled require the most meticulous care 
and treatment. Every such patient should 
receive the benefit of every available 
means of conservative treatment, and care 
should be taken not to assume without ex¬ 
cellent reason that the trouble is psycho¬ 
somatic. The author strongly disapproves 
of bilateral prefrontal lobotomy for relief 
of such pain, because of the resultant 
changes in personality. He reports 4 
cases in which he performed laminec¬ 
tomies and cordotomies after all conserva¬ 
tive measures had been tried and had 
failed. All presented complicated prob¬ 
lems, but the end results obtained justified 
the effort and patience involved. 
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TITRUD CORDOTOMY 


RIASSUNTO 

Viene discussa del cura del dolore per- 
sibtente dopo un mtervento per erma del 
disco, dato che—benche piu dell’80% dei 
malati guariscano completamente dopo 
questo mtervento—quelli in cui nmane un 
dolore richiedono una particolare atten- 
zione Essi devono essere sottoposti a 
qualunque tentatno per esserne liberati, 
e bisogna andare molto prudenti prima di 
affermare che si tratta di un disturbo 
psicosomatico 

L’autore e contrario alia lobotomia pre- 
fiontale, perche essa determina delle mo 
dificazioni nella personalita Egli riferisce 
due casi in cui esegui laminectomie e eor- 
dotomie dopo aver tentato senza successo 
ogm altro metodo conservative II risul- 
tato finale fu soddisfacente 

SUMARIO 

0 autor discute o tratamento de dor per- 
sistente apos operacao nos discos mterver- 
tebrais afimando que embora mais de 80% 
bons resultados sejam obtidos apos opera- 
goes para prolapso de disco, os pacientes 
que contmuam desabilitados devido a dor 
requerem o mais meticuloso cuidado e tra¬ 
tamento Cada urn desses pacientes deve re- 
ceber o beneficio de todos os metodos con- 
seivativos de tratamento, tomando-se cui¬ 
dado para nao assumir sem razao bem 
fundamentada que o problema e de origem 
psicossomatica 

0 autor desaprova com veemencia a lo 
botomia pre-frontal bilateral para alivio 
de tal dor, devido as mudangas de per- 
sonalidade que acarreta 

0 autor apresenta quatro casos nos quais 
effeituar laminectomias e cordotomias de- 
pois que todas os medidas conservativas 
terem sido usadas sem resultado Todos 
apresentaram problemas complicados, po- 
rim os resultados finals justificaram a 
pacienciae e esforco empregados 


RESUME 

L’auteur discute le traitement de la 
douleur persistante apres operation de 
disques intervertebraux L’ operation 
donne environ 80% de bons resultats avec 
reprise du travail, mais 20% des cas en 
moyenne presentent uns mcapacite due a 
un etat douloureux Ces malades deviaient 
pouvoir beneficiei de tous les moyens the- 
rapeutiques conservateurs, et le diagnostic 
de troubles psychopathiques ne doit jamais 
etie etabli a la legere L’auteur est reso- 
lument oppose a la lobotomie bilaterale 
II presente 4 cas traites par laminectomie 
et cordotomie apres echee de la therapeu- 
tique conservatrice Les resultats obtenus, 
malgie les problemes difficiles qui fee po- 
saient, ont pleinement justifie les efforts 
et la patience deployes 

ZUSAMMENFASSUNG 

Dei Verfasser erortert die Behandlung 
von nach Operationen an den Zwisclien- 
wirbelscheiben bestehenbleibenden 
Schmerzen Er weist darauf hin, dass, 
wenn auch in mehr als 80 Prozent del 
operativ behandelten Falle von Prolaps 
der Zwischemvirbelscheibe gute Eifolge 
erzielt werden, diejemgen Kranken, bei 
denen die Schmerzen und die Untaughch 
keit nicht behoben werden, erne ausserst 
sorgfaltige Pflege und Behandlung brau- 
chen Allen diesen Kranken sollte jede 
Moglichkeit konservativer Behandlung 
zuganghch gemacht werden, und man 
sollte sich davor huten, die Beschwerden 
als psychosomatisch aufzufassen, sofern 
nicht ganz stichhaltige Grunde fui eme 
solche Diagnose vorliegen Der Verfasser 
lehnt die doppelseitige prafrontale Lobo¬ 
tomie als Behandlung derartiger Schmer¬ 
zen strengstens ab wegen der nut lhr em- 
heigehenden Veranderungen der Person- 
lichkeit Er berichtet uber viei Falle, an 
denen er, nachdem alle konservativen 
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Massnahmen ohne Evfolg versucht worden 
waren, Laminektomien und Seitenstrang- 
resektionen ausfuhrte. Alle diese Fade 
stellten komplizierte Probleme dar, die 
Endergebnisse jedoeh rechtfertigteii alien 
Aufwand an Mlihe und Geduld. 

RESUMEN 

Razona el autor sobre el tratamiento de 
la persistencia del dolor despues de la op¬ 
eration en los discos intervertebrales. Afir- 
mando que, aunque en las operaciones por 
enfermos quedan con trastornos dolorosos 
requieren los mas meticulosos cuidados de 
tratamiento. Cada nno de tales enfermos 


debe beneficiarse de todos los metodos de 
tratamiento conservador posibles, y se 
debe tener gran cuidado de no afirmar sin 
verdadero fundamento que las molestias 
sean psieosomatieas. El autor desaprueba 
resueltamente la lobotomia prefrontal 
para la mitigation de tales dolores a causa 
de los cambios de personalidad que acar- 
rea. El autor practico laminectomia y cor- 
dotomia en 4 de sus pacientes entre los 
que habian fracasado los metodos conser- 
vadores. Estos casos presentaban proble- 
mas complicados pero los buenos resulta- 
dos justihcaron el esfuerzo y la paciencia 
empleados. 
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Technic of Vaginal Hysterectomy for the 
Treatment of Uterine Prolapse 
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W ITH increasing employment of 
vaginal hysterectomy for treat¬ 
ment of uterine prolapse, numer¬ 
ous variations in the technic of that oper¬ 
ation have been reported. Since in cases 
of prolapse the tissues are loose, there 
seems to be an increased possibility of 
relapse in simple vaginal hysterectomy, 
according to the classic technics of Hal- 
ban, 1 Bissel, 1 Shaw, 13 Peham and Am- 
reich, 11 Martius, 9 Heaney 8 and others. 
Thus, at Johns Hopkins, according to 
Everett, 4 in 30 per cent of cases in which 
simple vaginal hysterectomy was per¬ 
formed by Heaney’s technic the anatomic 
results were unsatisfactory. 

In cases of uterine prolapse the im¬ 
portant point in vaginal hysterectomy is 
reconstitution of the uterine suspension 
apparatus of the uterus, so as to prevent 
prolapse of the vagina, a condition ex¬ 
tremely difficult to cure. 

Generally, in the classic technics of 
vaginal hysterectomy, the parametric 
pedicles are fixed separately and extra- 
peritoneally, at each side, in the angles 
of the vagina. In the presence of uterine 
prolapse the components of the suspen¬ 
sion apparatus (the round, uterosacral 
and parametric ligaments and the pillars 
of the uterine retinaculum) are slack. 

From the Gynecological Department of Hospital das Clini¬ 
cs s (Director Brof Jose Medina), Sao Paulo University 
School of Medicine, Brazil 
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hypotonic and elongated, requiring to be 
shortened and stretched, and to have their 
tension increased, so as to support intra¬ 
abdominal pressure and prevent prolapse 
of the vagina. Recently, however, Gray 1 ' 
observed that the adnexial and parametric 
pedicles should be fixed in the angles of 
the vagina, unless these pedicles are very 
slack. Phaneuf 12 has also expressed 
preference for lateral fixation of the 
pedicles in vagina] hysterectomy. 

In cases of prolapse of the uterus there 
is always looseness of the uterine liga¬ 
ments, which gives rise to various modi¬ 
fications of the classic technic for vaginal 
hysterectomy, with a view to curing this 
prolapse. Thus, according to Mayo’s 10 
technic, the pedicles of both sides should 
be sutured together in the median line. 
Ward” sutures the adnexial, parametric 
and uterosacral pedicles respectively, to 
themselves, in the median line. By mak¬ 
ing a continuous suture, he fixes the round 
ligaments in the subpubic fascia, close to 
the periosteum and fixes the uterosacral 
ligaments in the angles of the vagina. 

This Mayo-Ward technic is also adopted 
by Crossen, 3 Warton and others, 15 with 
some modifications. Ward 14 sutures each 
round ligament separately in the subpubic 
fascia of the same side. Crossen 3 unites 
the round ligaments between themselves 
and with the same thread fixes them in 
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the subpubic fascia. Watson 10 dissects the 
uterosacral ligaments and fixes them in 
the bottom of the vagina, shortening 
them. Falk-' fixes the cardinal and utero¬ 
sacral ligaments in the posterior wall of 
the vagina. Campbell 2 sutures the utero¬ 
sacral ligaments in the subpubis, stretch¬ 
ing them to the maximum, and Shaw, 13 in 
his technic for cure of uterine prolapse, 
fixes the adnexial and parametric pedicles 
in the angles and lateral anterior walls of 
the vagina, uniting them later in the me¬ 
dian line. The uterosacral ligaments are 
not only sutured in the corners of the va¬ 
gina but united in the median line and the 
anterior wall. 

As can be seen, there have been numer¬ 
ous variations in the technic of recon¬ 
structing the suspension apparatus to pre¬ 
vent prolapse of the vagina. 

During my preparation to compete for 
the title Docent of Gynecology in the 
Medical Faculty of the University of Sao 
Paulo, under the direction of my instruc¬ 
tor Prof. Jose Medina, I had the opportu¬ 
nity to perform vaginal hysterectomy by 
different technics, and I noted that, for 
partial or total prolapse of the uterus, one 
of the most simple and rapid anatomic 
technics is the Mayo-Ward. It is charac¬ 
terized by the reconstruction of the sus¬ 
pension apparatus so as to relocate it in 
the position it occupies under normal con¬ 
ditions. Thus, with the uterus removed, 
the adnexial, parametric and uterosacral 
ligaments are united between themselves 
in the median line, forming, in place of 
the uterus, a median suture situated be¬ 
tween the bladder and the rectum, and in 
a plane that goes from the pubis to the 
third or fourth sacral vertebra, where the 
uterosacral ligaments are inserted. For 
this, the round ligaments are sutured in 
the sides of the urethra, in the pubic arcs, 
and the uterosacral ligaments are fixed in 
the angles of the vagina. From the outset, 
however, I did not perform a continuous 
suture as done by Ward and Crossen, pre¬ 


ferring to suture separately the adnexial, 
parametric and uterosacral ligaments. La¬ 
ter, with practice, I gradually introduced 
small modifications and details of other 
technics. The integration of these details 
in surgical technic is the motive for pub¬ 
lishing this article. I left for future.pub¬ 
lication my study of the indications and 
results of vaginal hysterectomy for the 
cure of uterine prolapse, because, as has 
been mentioned, it is my aim here to de¬ 
scribe only my technic of vaginal hysterec¬ 
tomy as I have performed it in the service 
of Prof. Jose Medina. 

Technic of Vaginal Hysterectomy .—The 
fundamental steps are summed up as 
follows: (1) extirpation of the uterus, 
leaving the pedicles clamped as Ward does; 
(2) reduction of the cystocele; (3) fixa¬ 
tion of the structures that form the sus¬ 
pension apparatus and removal of the 
clamps, and (4) reconstitution of the sus- 
tentation apparatus (pelvic seat). 

1. The cervix is stretched by means of 
two Musseux clamps, and an incision 
shaped like an inverted T is made in the 
anterior vaginal wall. Initially, a trans¬ 
verse incision in the mucosa is made with 
the bistoury and the submucosa dissected 
with scissors, the section being carried to 
a point next to the urinary meatus. Dis¬ 
section of the mucosa is then completed 
with the bistoury, with its handle or with 
gauze. After the bladder has been thor¬ 
oughly exposed to the lateral and para¬ 
metric aspects, resection of the excessive 
mucosa on each side is effected (Fig. 1, 

A and B). 

2. The bladder is elevated with the left 
thumb and index finger; this is followed 
by section of the vesicocervical pillars and 
dissection of the bladder, which is pulled 
in the direction of the pubis until it meets 
the peritoneal plica of the vesicouterine 
sac (Fig. 2A). 

3. The anterior peritoneal sac is opened 
with reference to the peritoneum (Fig. 

2 B). 
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4. The circular incision of the vaginal 
mucosa around the cervix is completed 
and later dissected until Douglas’ sac is 
open, with reference to the peritoneum 
(Fig. 2 C). 

5. The uterosacral ligaments are clamp¬ 
ed and sectioned, the straight Koch clamps 
being left in place. These clamps should 
be placed symmetrically (Fig. 2D). 

6. The parametric vessels, including the 
uterine arteries, are clamped and sec¬ 
tioned, the clamps being left in place, one 
on each side (Fig. 2 E). In the case of a 
uterus that has increased in volume, prin¬ 
cipally because of hypertrophic lengthen¬ 
ing of the cervix, before adnexial pedicles 
are clamped, two more clamps should be 
placed, one on either side, after the sec¬ 
tion. This second series of clamps stops 
the insertion of the “vespertilliones” wing 
of the large ligament in the sides of the 
uterus. 

7. The body of the uterus is exposed by 
anterior opening of the peritoneum and by 
clamping of the utero-ovarian and round 
ligaments and the tubes on each side, from 
top to bottom, with curved Koch clamps, 
after which the uterus is sectioned and 
removed (Fig. 2 E). 


8. The round ligaments are identified 
and repaired with Hallis clamps about 1 
or 2 cm. from their section to the uterus. 
This identification may be made before or 
after withdrawal of the uterus, and the 
level of repair of the round ligaments de¬ 
pends on the degree of slackness of the 
tissues. 

9. All three or four of the Koch clamps 
are left on each side. Cystoceie is next 
corrected by means of transverse stitches 
in the vesical fascia. The number of 
stitches depends on the degree of cystoceie. 
It is always advisable to make a few trans¬ 
verse stitches in the urethral fascia, ren¬ 
dering it more widely exposed, for this 
facilitates the later fixation of the round 
ligaments in the pubovesicocervical pillars 
(Fig. 2 F). 

10. The right round ligament is trans¬ 
fixed at the level of the repair, i.e., 1 or 2 
cm. from the adnexial clamping. In the 
peritoneal side one or two transfixations 
are made (Fig. 2 G ), and the left round 
ligament is transfixed at the same height, 
joining them in the median line. After 
this, the pubovesicocervical pillar at the 
left end, next to the pubic peritoneum of 
the same side, is transfixed at a level below 




28 


D. S. RIDLEY 


to Howarth and Sherlock (personal communication), is unaffected 
by the abdominal distension of ascites; and (3) the velocity of 
blood-flow in the aorta, which is very unlikely to be increased by a 
rise of pressure in the abdomen. It follows that the work done by 
the heart is not significantly increased by abdominal distension. 

It is probable that the embarrassment to the circulation is an 
indirect one, resulting from interference with respiration by the 
raised pressure in the abdomen. This hypothesis is supported by the 
obvious dyspnoea, the striking impairment of tolerance to abdominal 
distension when fluid is present in the pleura, and the evidence of 
cardiac ischremia in the electrocardiograms. Further experimental 
evidence in support of this view was put forward by Gatch and 
Battersby (19426). 

The venous pressure in abdominal distension 

The blood pressure in a vessel is expressed by a derivation of 
Laplace’s formula (Thompson, 1942):— 

p -*+l 

Where P is the fluid pressure in the vessel, T the tension in the wall, 
It the radius of the vessel and p is the external pressure. 

When there is no external pressure on a vessel, the blood pressure 
varies with the tension in the wall, which is due to the action of the 
heart. But if the external pressure rises the blood pressure rises by 
equal increments. This explains the behaviour of the venous pressure 
in the abdomen. The formula applies only to vessels which are filled, 
but in so far as the venous pressure exceeds the intra-abdominal 
pressure, it is reasonable to assume that the veins are filled. 

It follows that since the rise of pressure inside and outside the 
abdominal veins is equal, there is no tendency for them to collapse. 
A different situation arises, however, if instead of a general rise of 
intra-abdominal pressure, local pressure is applied to a vessel. In this 
case there will be no rise of pressure in the vein except that due to 
the damming back of blood, and the vessel is more likely to be 
obstructed. It might be expected, therefore, that in pregnancy the 
vena cava would be collapsed by pressure on it from the enlarged 
uterus, and from the weight of the foetus when the mother is lying 
supine ; blood would presumably be diverted up the ascending lumbar 
vessels. 


The maintenance of the abdominal circulation 

There is evidence that blood flow in the abdomen is not greatly 
reduced by a rise of pressure. 

(1) My experiments suggest that while the volume of blood in the 
abdominal vessels is not reduced by distension, the velocity of flow 
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in tho vein's is at least as great as at normal pressure, except in bo 
far as blood is diverted up the asconding lumbar route. These facts 
wore established for intra-abdominal pressures up to about 40 cm. 
of renter. 

(2) Gateh cl al. (1927) measured blood flow through a loop of 
small intestino in dogs while it was being inflated. They concluded 
that blood flow was inversely proportional to pressure, but their 
results show that when intrn-visceral pressure was raised to 30 cm. 
of wator, blood flow was reduced only from IS to 17 c.e. per minute, 
and in some of their animals it rose. 

Yet tho arterio-venous pressure difference is appreciably reduced 
by abdominal distonsion, since tho liso in venous pressure is not 
balanced by a corresponding riso of artorial pressure. These facts 
can only be reconciled by postulating a reduction in resistance to 
flow, for from Poiseuillo’s formula VocPr 4 (V = volume, P = pressure 
difforonco and r — radius of vessel). 

Tho main resistance to floe is in tho arterioles. It is ovident that 
if an arterial pressure of 100 mm. of mercury in tho normal rabbit is 
required to support a capillary pressure of 10 cm. of water, an arterial 
pressure of 110 mm. of mercury will bo inadequate to support a 
capillary pressure of say 45 cm. of water, which would be required 
to maintain flow under abdominal distonsion, unloss there w'ero a 
reduction of tho arteriolar resistance. 

I concludo that a riso of intra-abdominal pressure is associated 
with arteriolar dilatation in tho nbdominnl viscera nnd that main¬ 
tenance of their circulation is dependent on this reaction. 

There is no reason to supposo that capillaries, any more than veins, 
need be collapsed or dilated as a result of raised intra-abdominal 
pressure, but tho question may bo asked whether any reduction of 
capillary resistance is needed to facilitate blood flow. Evidence is 
accumulating that tho abdominal viscera are supplied with relatively 
direct pathways across tho capillary beds, such as those in tho ludney 
demonstrated by Truota cl al. (1947), nnd in tho stomach by Barclay 
and Bentley (1949). Prinzmotnl e< al. (1948) showed that glass 
spheres much larger than ordinary' capillaries could be passed through 
tho circulation of tho liver, spleen nnd lungs of a variety of live 
animals. Whether theso pathways aro in fact opened in abdominal 
distension is a matter for speculation. But if it bo accoptcd that 
blood flow is not much reduced by a moderate rise of intra-abdominal 
pressure, the findings of reduced hepatic function by Bradley (1940) 
and of a 25 per cent, reduction in renal function by Bradley and 
Bradley' (1947) when intra-abdominal pressure was raised to 20 mm. 
of mercury may be tnkon as an indication that blood is diverted from 
tho capillaries. 

The marked fall in blood pressure which I found in some animals 
when intra-abdominal pressure was raised after sympathectomy was 
probably due to a failure to maintain the circulation through the 
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in tho veins is at least ns great ns at normal pressure, except in so 
far as blood is diverted up the ascending lumbar route. Those facts 
wore established for intra-abdominnl pressures up to about 40 cm. 
of water. 

(2) Gatcli cl ah (1027) measured blood How through a loop of 
small intestino in dogs while it was being inflated. They concluded 
that blood flow was inversely proportional to pressure, but their 
results show that when intrn-visceral pressure was raised to 30 cm. 
of water, blood flow was reduced only from 18 to 17 o.c. por minute, 
and in some of their animals it rose. 

Yet tho arterio-venous pressure difference is appreciably reduced 
by abdominal distension, since the rise in venous pressure is not 
balanced by a corresponding rise of arterial pressure. Theso facts 
can only be reconciled by postulating a reduction in resistance to 
flow, for from Poisouillo’s formula V ccPr* (V = volume, P = pressure 
difforonco and r = radius of vessel). 

The main resistance to flow is in tho arterioles. It is evidont that 
if an arterial pressure of 100 mm. of morcury in tho normal rabbit is 
required to support a capillary pressure of 10 cm. of water, on arterial 
pressure of 110 mm. of morcury will bo inadequate to support a 
capillary pressure of say 45 cm. of water, which would bo required 
to maintain flow under abdominal distension, unloss there were a 
reduction of tho arteriolar resistance. 

I conclude that a riso of intra-abdominnl pressure is associated 
with arteriolar dilatation in the abdominal viscorn and that main¬ 
tenance of their circulation is dependent on this reaction. 

There is no reason to suppose that capillaries, any more than veins, 
need be collapsed or dilated as a result of raised intra-abdominal 
pressure, but tho question may bo asked whether any reduction of 
capillary resistance is needed to facilitate blood flow. Evidence is 
accumulating that tho abdominal viscera are supplied with relatively 
direct pathways across tho capillary beds, such ns those in tho kidney 
demonstrated by Truota ct al. (1047), and in tho stomach by Barclay 
and Bentley (1949). Prinzmetal et al. (1948) showed that glass 
spheres much larger than ordinary capillaries could bo passed through 
the circulation of tho liver, spleen and lungs of a variety of live 
animals. Whother theso pathways are hi fact opened in abdominal 
distension is a matter for speculation. But if it bo accepted that 
blood flow is not much reduced by a moderate rise of intra-abdominal 
pressure, the findings of reduced hepatic function by Bradley (1940) 
and of a 25 per cent, reduction in renal function by Bradley and 
Bradley (1947) when intra-abdominal pressure was raised to 20 mm. 
of mercury may be taken as an indication that blood is diverted from 
the capillaries. 

The marked fall in blood pressure which I found in some animals 
when intra-abdominal pressure was raised after sympathectomy was 
probably due to a failure to maintain the circulation through the 
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abdomen because of an inability to adapt the small vessels for flow 
under high pressure. 

A possible explanation for the abdominal blood-volume variations 
is provided by the hypothesis of arteriolar dilatation and constriction. 
Ivrogh (1921) noticed that when an arteriole was dilated its capillaries 
took their blood from the axial stream, rich in red cells, and that when 
it was constricted its capillaries became almost drained of cells as 
they skimmed off only the marginal stream, predominantly plasma. 
These changes could account for the blood-volume variations as 
estimated by Welclter’s method. If this were the explanation it would 
follow that there is probably no alteration in the true abdominal blood 
volume as a result of pressure changes. 


Collapse following abdominal decompression 

The danger of collapse following paracentesis of the abdomen or 
decompression of the distended bladder is well known, yet I have 
failed to find any adequate account of this complication and 
Wangensteen and Scott (1928) had the same lack of success. Brams 
and Golden (1933-34), however, refer to two cases of temporary 
circulator}'- collapse after withdrawal of ascitic fluid from 10 patients 
and in one the patient had collapsed on two occasions; they imply 
that tins sequel is not unusual. It seems likely that while collapse 
after decompression is not uncommon it is rarely irreversible, or 
troublesome enough to warrant publication of reports. 

Both the pairs of workers just mentioned produce evidence that 
faintness and collapse are associated with a fall of arterial blood 
pressure, though I was unable to produce a fall below the initial level 
in my rabbit experiments by sudden abdominal decompression. If 
my hypothesis that abdominal distension is accompanied by arteriolar 
dilatation is accepted, an occasional large fall in blood pressure after 
decompression could be explained by postulating a failure of the 
compensatory vasoconstriction. 

Although the general intra-abdominal pressure in late pregnancy 
is not known, the pressure fall as a result of labour might be compared 
with the decompression of a severely distended bladder, both in 
degree and in its position in the abdomen. The gross discrepancy 
between the incidence of irreversible shock following labour and 
after decompression of the bladder suggests that the fall of intra¬ 
abdominal pressure is not, by itself, an important feature of obstetric 
shock. 

Application of experimental results to man 

The experiments reported above were performed on anaesthetised 
rabbits lying on their backs, and the same conditions apply to most 
of the previous work done in this field. Results so far obtained on 
man, however, are very like those found in rabbits and dogs as regards 
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arterial and venous blood pressuro. Tho anatomy of the abdominal 
voins and of the ascending lumbar system is essentially tho same in 
rabbits and in-man, and it is known that tho latter pathway is takon 
when tho inferior vena cava is ligated at oporation (Thebaut and 
Ward, 1947). Man, too, is forced to revert to tho horizontal wlion 
abdominal distonsion becomes severe, and it is in tliis position that 
decompression is carriod out; so that tho conclusion which emorges 
from studies on rabbits may well bo applicable to man. 

Summary 

Tho following conclusions are drawn from tho acuto experiments 
on rabbits described above. 

1. Evidence that circulatory embarrassment from abdominal 
distension is duo to interference with respiration is supported by the- 
calculation that tho work done by tho heart is not increased. 

2. Tho veins of tho portal and vena-caval systems do not easily 
collapso in abdominal distonsion, sinco tho pressuro in them is highor 
than that in tho abdominal cavity. 

3. When tho intra-abdominal pressure exceeds 40 cm. of wator, 
the renal and probably tho portal blood flow continues at high velocity 
along normal channels, while tho polvic flow is diverted up tho 
ascending lumbar and azygos voins to tho suporior vena cava. 

4. Tho conclusion irom abdominal blood-volwno measurements 
that blood is not oxpcllcd from tho abdomen by raised pressuro, 
takon in conjunction with ovidonco of rapid flow, implies that tho 
abdominal circulation is not greatly impaired. 

5. Tho maintonanco of this circulation is attributed to arteriolar 
dilatation in tho abdomen in response to abdominal distension, and 
collapso following decompression to failure of tho compensatory vaso¬ 
constriction. 

This work was carried out while I liavo been in receipt of a Loverhulme 
Research Scholarship of tho Royal College of Physicians. I am also indebted 
to tho Graham Research Fund of tho University of London for a grant to cover 
expenses. 

I wish to thank Professor G. R. Cameron, F.R.S., for his help and interest 
in this work in all its Btages. I havo also to tlmnk Professor IC. J. Franklin 
for his criticism and some suggestions, Mr F. J. Crow and Mr J. M. Kenney for 
their technical assistance, Mr V. Ii. Asta for tho illustrations and Mr A. Rligh 
for tho photographs. 
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LOCAL PRODUCTION OF ANTIBODIES 

C. L. Oakley, Irene Batty and G. Harriet Warrack 

From the Wellcome Research Laboratories, Biological Division, 
Beckenham , Kent 

It has already been shown (Oakley, Warrack and Batty, 1949) that 
when alum-procipitated diphtheria or tetanus toxoid is injected sub¬ 
cutaneously into horses, rabbits or guinea-pigs as a secondary stimulus, 
antibody is produced in tho draining lymph-gland, and may, in rabbits, 
bo produced in the injected skin. In this paper wo provide ovidenco 
that spocific antibody may bo produced in tho skin, fat or voluntary 
musclo of rabbits and guinea-pigs after a single secondary injection 
of alum-precipitated diphtheria or tetanus toxoid into those tissues. 

Experimental methods 

The methods used wero similar to those previously reported by Oakley et al. 
Animals wero primarily stimulated with a mixture of diphtheria and totnnua 
alum-precipitated toxoids (diphtheria A.P.T., GO Lf. per ml.; tetanus A.B.T., 
55 Lf. per ml.); at 8omo time over a month later one or other or both antigens 
wero injected into chosen tissues ns secondary stimuli. At convenient times 
thereafter tho animals wero bled out from tho carotid artery, tho injected and 
Bomo uninjected tissues collected, ground with quartz and n suitable volume 
of 1 per cont. saline—usually 10-20 ml.—and centrifuged. Supernatant and 
serum wero tested for antibodies to both antigens. Prom tho values so obtained 
tho antitoxin ratio, i.c. the ratio between tho units of tetanus antitoxin per ml. 
and tho units of diphtheria antitoxin per ml. in tissues or their extracts, was 
determined for each tissue and compared with tho antitoxin ratio for tho serum. 
If in such extracts tho antitoxin ratio was higher than tho ratio in tho Serum 
it was assumed that tetanus antitoxin had been manufactured or stored in tho 
tissue extracted ; conversely if the serum antitoxin ratio was higher than that 
of the tissuo extract, diphtheria antitoxin had boon made or stored in the tissue 
examined. Tho decision between manufacture and storage will naturally 
depend on the tissuo involved. For reasons that will appear lator wo do not 
consider antitoxin ratios significantly different unloss ono is at least double the 
other. 


Experimental results 

Significance of differences in antitoxin ratios 

Oakley et al. pointed out the considerable effect of errors of testing 
on estimated antitoxin ratios and considered that only largo differences 
were significant. Examination of their figures shows that for tissues 
in which the antitoxin ratios might bo expected to be equal to those 
in the serum, the values obtained are not likely to differ from one 
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Table I 

Antitoxin concentrations and antitoxin ratios (tetanus ; diphtheria) for rabbit 47. 
Both hind legs infected, with a mixture of equal parts of diphtheria and tetanus 
AJP.T. as a secondary stimulus. To show distribution of antitoxin ratios 
when the animal was killed 10 days later 


Structure extracted 


Left foot, skin . 

Right foot, skin 

Left interscapular fat 

Right interscapular fat 

Omental fat 

Left popliteal gland . 

Right popliteal gland 

Liver 

Spleen 

Left kidney 

Right kidney . 


Tetanus Diphtheria 

antitoxin antitoxin 

per ml. extract per ml. extract I 


0-077 

0-115 

0-31 

0-43 

0-0125 

0-10 

0-077 

0-32 

0-15 

0-5 

0-52 


Antitoxin ratio 


Antitoxin ratio 
of extract 
Antitoxin ratio 
of serum 



Assuming a log. normal distribution, the limits for the figures in column 5 (P = 0-95) 
are 0-64 to 1-23. 

Table II 

Antitoxin ratios for two rabbits. Numerous organs infected with a mixture of 
diphtheria, and tetanus A.P.T. as a secondary stimulus. To show distribution 
of antitoxin ratios when the animals were killed 9 and 10 days later 


Structure extracted 



Liver . 

Spleen . 

Left kidney 
Right kidney 
Omental fat 
Left perirenal fat 
Left broad-ligament fat 
Left interscapular fat 
Right interscapular fat 
Left thigh muscle 
Right thigh muscle . 
Diaphragm 

Left bone-marrow (tibia) f . 
Right hone-marrow (tibia) J 


r^"j niecte a; t Injected with tetanus A.PX {Injected with diphtheria A.P.T. 

For convenience of comparison, the figures in this and subsequent tables are 
adjusted to give a serum : antitoxin ratio of 1. Assuming a log. normal dmtnbution, 
the limits for the antitoxin ratios of both rabbits combined (P = 0-95) are 0-04 to 
1 -07 Antitoxin ratios of 2 or more will then he evidence of local production of tetanus 
antitoxin; antitoxin ratios of 0-5 or less will be evidence of local production of 
diphtheria antitoxin. 
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another by a factor greater than 2 : 1 (P = 0-05). Wo havo confirmed 
this figure in two different types of experiment. In tlio first, rabbits 
are secondarily stimulated by tho injection of mixtures of equal parts 
of diphthoria and totauus A.P.T. into both foot pads ; in tho second 
and practically more important experiment, rabbits are secondarily 
stimulated by the injection of similar mixtures of both antigons into 
a numbor of different structures. In both instances it sooms reasonable 
to boliovo that all tho tissues will be influenced in tho samo proportions 
by tho two antigons and that, whether antibody is produced or not, 
the antitoxin ratios of all structures including tho serum should be 
the samo. Tables I and II show the antitoxin ratios found in tho 
structures of rabbits killed nino or ton days after oxporimonts of 
both types, and support the view that antitoxin ratios differing by a 
factor groator than 2 : 1 are significantly different. 

Typical experiment. A healthy female rabbit (no. 173), wt. 3*30 kg., was 
primarily stimulated with 0*4 ml. of a mixture of equal parts of diphtheria 
and tetanus A.P.T. injected subcutaneously into tho left flank. One month 
later tho rabbit was nnresthetised with intravenous Nembutal supplemented 
with ether and tho nbdomen opened. Tho liver was injected with 0*2 ml. 
diphtheria A.P.T.; tho upper polo of the spleen with 0*2 ml. tetanus A.P.T. 
and the lower with 0*2 ml. diphtheria A.P.T. In injecting liver and spleen 
care was taken to vary tho direction of tho needle several times, so as to rcduco 
tho risk of intraperitoncnl hrcmorrlmge. Tho nbdomen was then closed in 
two layers, 0-2 ml. diphtheria A.P.T. injected intmcutancously into tho skin 
of tlie left flank and 0*2 ml. tetanus A.P.T. similarly into tho right flank, and 
the animal allowed to recover. Ten days Inter it was bled out and the injected 
arena and some uninjectcd areas collected, and tho extracts titrated for diphthoria 
and tetanus antitoxins. (The white nodules formed make tho injection areas 
fairly easy to find.) 

Results. Table III shows that tho antitoxin values for the liver 
and spleen of this rabbit differed little from the ratio for tho serum, 
whether they wore injected with tetanus or diphtheria A.P.T., or with 
nothing at all ; there was no evidence of localised antibodj' production 
in these organs. Skin, on tho other hand, if injected with diphtheria 
A.P.T., showed evidence of local excess of diphthoria antitoxin ; if 
it were injected with tetanus A.P.T., tetanus antitoxin appeared to 
be present in excess. In default of any other source from which tills 
excess antitoxin could havo been derived, we conclude that this specific 
antitoxin is produced in tho injected skin. It is noteworthy that 
antitoxin was produced locally in the sldn after a single secondary 
injection of A.P.T. ; there is no evidence that a pro-formed granuloma 
is necessary, as we had previously supposed. Our opinion that 
antitoxin is produced in other injected tissues (vide infra) is based on 
the samo argument. 

Table HI also shows the antitoxin ratios for rabbit 178, which had 
been secondarily injected in liver, spleen, skin and perirenal fat. The 
figures confirm those for rabbit 173, but show also that specific antibody 
is produced in injected perirenal fat. We had been stimulated to try 



36 


O. L. OAKLEY, I. BATTY AND 0. H. WARRACK 

perirenal fat by the observation of Bjorneboe et al. (1947) that high 
concentrations of antibody can be demonstrated in the perirenal fat 
of rabbits injected with pneumococcal polysaccharides ; the finding 

Table III 


Antitoxin ratios for two rabbits injected in various organs with diphtheria or 
tetanus A.P.T. as a secondary stimulus and killed 10 days later. To show 
evidence of antibody production in skin and perirenal fat 


Structure injected 

A.P.T. injected 

A.P.T. injected 

Tetanus 

Diphtheria 

None 

Tetanus 

Diphtheria 

None 

Liver . 


0-51 

1-0 

1-68 


1 H 

Spleen . 

1-7 

2-05 


M0 

0-87 

if 

Skin 

17-4 

0-105 

1 

8-42 

0-16 

n 

Perirenal fat. 



| 

17-6 

0-21 

mm 

Seram . 

1-0 

1-0 

Rabbit no. 

173 

178 


that it can produce antibody led us to try other fat areas. Thus in 
some rabbits we injected diphtheria or tetanus A.P.T. as secondary 
stimulus into gastric omental fat, testicular omentum, broad-ligament 
or interscapular fat. In the gastric omentum one antigen was injected 


Table IV 


Antitoxin ratios for two rabbits injected in various organs with diphtheria or 
tetanus A.P.T. as a secondary stimulus and killed 10 days later. To show 
evidence of antibody production in fat 


Structure injected 

A.P.T. injected 

A.P.T. injected 

Tetanus 

Diphtheria 

None 

Tetanus 

Diphtheria 

None 

Liver . 

Spleen . 

Kidney 

Perirenal fat . 
Testicular omentum 

i'-i 

1-0 

11-0 

0-1 

0-87 

0*70 

<0-043 

0-083 

0-96 

1-07 

1-07 

16-4 

5-7 

0-93 

0-79 

0-071 

0-093 

1-1 

1-0 


1-0 

1-0 


193 s 

199 <? 


near the spleen, the other distant from it; in the other sites the 
paired structure of the fat made it possible to inject one antigen on 
each side. Table IV gives antitoxin ratios for two rabbits. Perirenal 
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and testicular omental fat show good evidenco of local antibody 
production livor, spleen and kidney show nono In those rabbits 
only ono antigen was injected into any unpaned organ, to aioid tlio 
objection that mixing of tlio antigons might occur, and that local 
production of antibody might thus lie masked 

Tablo V gives antitoxin ratios for two femalo rabbits in which 
perirenal, oinontal, interscapular and bioad ligament fat were 

Table V 


Antitoxin ratios for tiro rabbits injected in ianous organs with diphtheria or 
tetanus AJP T as a secondary stimulus and I tiled 10 days later To show 
evidence of antibody production in fat and toluntary muscle 


Structure Injected 

AIT Injected 

IPT Injected 

Tetanus 

Diphtheria 

Tetanus 

Diphtheria 

Spleen 

I 4 

0 S3 

1 1 

1 1 

Bone marrow 

0 SO 

1 3 

1 0 

1 0 

Perirenal fat 

5 0 

0 042 

25 0 

0 033 

Omental fat 

2 2 

0 12 

2 1 

0 18 

Broad ligament fat 

1 C 

0 17 

8 G 

0 20 

Interscapular fat 

20 

<0 2 

14 0 

0 10 

Tlugh muscle 

CO 

0 030 

02 0 

0 043 

Serum 

1 0 

1 0 

Babbit no 

33 $ 

185 $ 


socondarily injected with one or other antigen, as veil as spleen, 
extensor muscle of thigh and bone-marrow Tins last was appioacliod 
through a burr hole in the inner face of tho upper end of the tibia 
Whilo spleen and bone marrow show no evidence of antitoxin produc¬ 
tion, all tho fat aroas injected produce antitoxin local!} Table VI, 
which gives antitoxin ratios for two malo rabbits, shows (a) that bone- 
marrow and lung (rajocted intra-tiaoheally) fad to show oxidence 
of antibody production, (6) that all fat areas injected, as well as thigh 
muscle and perhaps popliteal gland—injected directly after oxposure 
through an incision m the popliteal fossa—produce antibody The 
results for skin in rabbit 12 are particularly interesting as they show 
that both mtracutaneous and subcutaneous secondary simulation 
lead to local production of antibody 

Altogether we have used 42 rabbits m these and similar experiments 
The results have been extremely consistent antitoxin is produced 
locally in secondanly-injected skin, voluntary muscle or fat, m 
injected liver, spleen, kidney and bone marrow there is no evidence 
of antitoxin production As judged by our methods, local production 
of antitoxin can occur m skin, voluntaiy muscle or fat as early as 

J path bact — voi ism 0 o 
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three days after a secondary injection. It has unfortunately never 
been possible to obtain sufficiently high titres of tissue antitoxin in 

Table VI 


Antitoxin ratios for two rabbits injected in various organs with diphtheria or 
tetanus A.P.T. as a secondary stimulus and hilled 10 days later. To show 
evidence of antibody production in skin, fat and voluntary muscle 


Structure injected 

A.P.T. injected 

A.P.T. injected 

Tetanus 

Diphtheria 

Tetanus 

Diphtheria 

Bone-marrow . 

1-0 

1-2 

1-0 

0-88 

Lung .... 

... 

... 

1-1 


Skin (intracutaneous) 

1-7 

0-044 

... 


Skin (subcutaneous) . 

18-0 

0-12 


... 

Perirenal fat 

4-1 

0-061 

... 

... 

Omental fat 

9-4 

0-67 



Testicular omontum . 

4-3 

0-13 

>. • 


Interscapular fat 

15-0 

0-072 

2-8 

0-58 

Thigh muscle . 

53-0 

0-033 

8-1 

0-31 

Popliteal gland 

... 


1-3 

0-54 

Serum . 

1-0 

1-0 

Rabbit no. 

12 

50 


primarily-stimulated animals for this problem to be investigated in 
them. 

Local production of antitoxin in guinea-pigs 

We have injected diphtheria or tetanus A.P.T. into various organs 
and tissues of six adult guinea-pigs as a secondary stimulus ; examina¬ 
tion of the antitoxin ratios of organ and tissue extracts ten days 
after injection shows that antitoxin may be produced in skin, fat and 
voluntary muscle (table VII gives the figures for three of the guinea- 
pigs : the results for the others were very similar). No evidence was 
obtained of antitoxin production in liver, spleen or kidney. 


The history of antitoxin production in the skin 

As secondarily-injected skin had consistently produced antitoxin 
we thought it worth while to follow the history of antitoxin production 
in it especially as it seemed likely that the antitoxin ratios might be 
fairly comparable. We therefore clipped the ham from the back of a 
number of primarily-stimulated rabbits and divided the exposed sldn 
into a number of symmetrically disposed equal squares. Each day a 
square was selected at random on one side of the rabbit and injected 
intracutaneously with 0-2 ml. diphtheria or tetanus A.P.T., chosen 
US e of random numbers. The other antigen was injected into 
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tho corresponding squaro on the other side, and tho process repeated 
daily till all available squares wore used up. The animal was then 

Tabu: VII 

Antitoxin ratios for three guinea-pigs injected in various organs vith diphtheria 
or tetanus A-P-T. as a secondary stimulus and hilled 10 days later. To show 
evidence of antibody production in shin and fat ( guinea-pigs 170 and 750), 
and voluntary muscle (all three guinea-pigs) 


Structure cxtnetM 

Oulo«*n-pl(T 100 

fiuln-a-plc 170 

■BBS 

APT injected 

A P.T Injected 

A r.T. Injected 

Qyyy 


Tetanus 

PipMliorii 

T« tantu 

Dfrlitlwb 

Liver 

B 

1-0 

IB 



1-0 

Spleen 

0-70 

... 


1-2 

0 03 


Kidney 

0-70 

1-2 



0-00 

ildB 

Skin .... 

0-75 

0 j7 


0-lfi 

1*3 

0-40 

Thigh muscle 

2 8 

0 030 


0-12 

G 1 

0 11 

Perirenal fat 


... 

3 0 

0 071 

... 

<0-13 

Broad-ligament fat 

1-4 

0 82 

1-5 

0 0S7 

... 

... 

Seram 

1-0 

10 



bled out and the thickened area in each squaro oxcised, extracted and 
tested in tho usual way. By this moans wo could obtain antitoxin 
ratios for rabbit skin secondarily injoctcd from ono to ten or more 
days previously. Fig. 1 shows tho relationship between tho log. 
antitoxin value of such pieces of skin and the timo after injection. In 
those injected with oitlier antigen the antitoxin ratio for tho first 
two days is idonticnl witli that in tho serum. Thereafter tho antitoxin 
ratio for skin injected with either antigen diverges progressively 
from tho ratio in the scrum, tho points relating log. antitoxin ratio 
to time lying reasonably close to a straight line. 

Assuming that the heterologous antibody present in tho skin 
samples is derived from tho sorum or from blood loft in the capillaries 
and that this is fairly constant all over the dorsal skin, we conclude 
tiiat from tho third to tho tenth day after injection antitoxin increases 
logarithmically in secondarily-injocted skin, and suggest that tho cells 
producing it are increasing in tho same way. 

We therefore repeated tho experiment so that animals wore injected 
(1) on 20 successive or (2) on 20 alternate days. Fig. 2 shows tho 
result of tho first experiment. In the pieces of sldn injected with 
tetanus antitoxin no riso in antitoxin ratio occurs till the fourth day : 
apart from one break there is a steady logarithmic rise till tho twolfth 
day followed by a slow fall; tho whole resembles very closely the 
early stages of a secondary response as measured in circulating 
antitoxin. Fig. 3 plots log. antitoxin ratio against timo for 38 days 





























DAYS AFTER. INJECTION 


Fig. 1.—Log. antitoxin ratios for injected skin areas from rabbit injected daily for 
10 days with diphtheria and tetanus A.P.T., plotted against length of time after 
injection. Open circles — areas injected with tetanus A.P.T.; closed circles = 
areas injected with diphtheria A.P.T. 



DAYS AFTER. INJECTION 

Ttm 2_ Log. antitoxin ratios for skin areas injected with tetanus A.P.T. from rabbit 

injected daily for 20 days with diphtheria and tetanus A.P.T., plotted against 
length of time after injection. 
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(oxpt. 2). The resemblance to tlio secondary response curve in 
circulating antitoxin is remarkably close, both in shape and in relation¬ 
ship to timo, and wc suggest that tho form of the secondary responso 
curvo in serum is only a reflection of tho activity of tho antibody- 



-DAYS AFTER. INJECTION 


Fio. 3,—Log. antitoxin ratios for skin areas injected with tetanus A.P.T. from rabbit 
injected on 20 alternate days with diphtheria and tetanus A.P.T., plotted against 
length of timo after injection. Tho dotted lino indicates tho supposed theoretical 
fall, 

producing centres, affoctcd only by tho fact that antibody is destroyed 
at a rato proportional to its concentration. Unfortunately wo could 
not obtain antitoxin ratios for tho pieces of skin injected with diphthoria 
A.P.T. in oithor of theso rabbits, ns tho tetanus antitoxin content of 
tho pieces was below tho lowost level at which it was possiblo to obtain 
a positivo reaction on test. 


Failure of horses lo produce antitoxin in skin 

Oakley el al. have shown in a fow horses that tho subcutaneous 
injection of a single dose of diphtheria or tetanus A.P.T. as a secondary 
stimulus seldom leads to local antibody production, though two 
injections in tho same area may stimulate local production. We have 
continued these experiments in a furthor ton horses with much tho 
same result, as shown in table VIII. Unless there is some fundamental 
defect in our experiments, it seems clear that horses differ markedly 
from rabbits in their incapacity to produce antibody locally in the 
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skin. The results for two horses injected with toxoids in the skin are 
set out for comparison. 

Table VTH 

Antitoxin ratios in injected skin of horses injected with diphtheria antigen (right 
hind leg) and tetanus antigen (left hind leg) as secondary stimidi. No evidence 
of antitoxin production in skin 10 days later 


Horse 

Secondary stimuli 

Antitoxin ratios for 

left skin 

right skin 

serum 

5016 

Diphtheria and tetanus A.P.T. 

1-6- 

0-95 

1-0 

5588 


1-1 

1-1 

1-0 

5718 


M 

1-4 

1-0 

5918 


1-3 

1-2 

10 

5919 


0-91 

0-71 

DO 

6047 


1-4 

1-0 

DO 

6102 


1-5 

1-6 

1-0 

6335 

tt it 

1-3 

1-1 

DO 

5863 

Diphtheria and tetanus toxoid 

1-2 

1-1 

1-0 

6067 

tt It 

0-96 

0-93 

1-0 


Two other horses, one injected with diphtheria and Cl. welchii a-A.P.T. and another 
injected with Cl. welchii /3-A.P.T. as secondary stimuli, which also failed to show any 
sign, of antitoxin production in the skin, are for convenience omitted. 


Discussion 

Until recently, it was the general opinion, though there was little 
evidence to support it, that antibodies were produced generally in 
the reticulo-endothelial tissue, and particularly in structures rich in 
this tissue, such as the spleen, liver and bone-marrow. Ehrich and his 
school (Ehrich and Harris, 1942 ; Harris et al., 1945) first drew attention 
to the lymphocyte as a possible source of antibody, though more 
recent work (Ehrich et al., 1949) has caused them to support Bjomeboe 
and Gormsen (1943), Bjorneboe et al. (1947) and Fagraeus (1946, 
1947, 1948) in making out a case for the plasma cell. However, as 
Fagraeus believes that plasma cells are derived from reticular cells, 
this may be regarded as support for the reticulo-endothelial theory. 
The results of our experiments have caused us no little surprise, 
since, though we could consistently obtain evidence for antibody 
production in the skin, fat and voluntary muscle in rabbits, we could 
get no such evidence for the liver, spleen, kidney or bone-marrow. It 
might be argued that the liver, spleen and bone-marrow are highly vas¬ 
cular and that antibody formed there might be removed as fast as it was 
•produced. But surely this applies to muscle as well ? A more forceful 
argument is that alum-precipitated toxoids can hardly he injecte 
into liver, spleen or bone marrow without disrupting them, whereas 
injections into skin, fat and voluntary muscle might split up these 
tissues without severely affecting their functions. We do not, oi 
course necessarily believe that antitoxins are formed by skin cells, 
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fat cells or muselo colls ; thoy may bo produced by connoctivo tissue 
colls, or the cells of tho granuloma that develops rapidly round the 
injectod A.I’.T. In tho liopo of attacking this problem wo liavo 
colloetcd a largo amount of material from injected areas for histological 
examination. 

Tho idea that antibody might bo produced in injected skin is 
not new. It was put forward by Cannon and Sullivan (1931-32) 
for rabbits injected with Icillod bacteria and, with much more 
convincing experiments, by 0rskov and Andersen (1938), who claimed 
that tho rapid fait in tho amount of vims recovorablo from tho skin 
of rabbits infoctod with vaccinia was due to local production of 
antibody; tlioy showed that virus-noutralising antibody could bo 
recovered from tho skin four days after infection. Tho literature 
on local production of antibody in skin and some other tissues is 
thoroughly reviowed by Burnet and Fenner (1949). As far as we 
know, no ovidcnco lins previously boon offered for the production of 
antibody in fat or voluntary muscle. 

On the other hand, tho position of the liver ns tho main soureo of 
plasma protein and thoroforo by implication of at least some antitoxic 
protoin, has recently been challenged by Cheng (1949), who found 
that sovoro damage to tho liver, produced in a variety of ways, made 
little difTeronco to tho rate at which plasma protein was synthesised 
in rats. Ho suggests, among other possibilities, that colls in general 
may be capablo of synthesising plasma protoin, and points out tho 
remarkablo protein-synthesising powor of connoctivo tissue colls and 
—even more striking—of such specialised structures as muselo cells. 
It seoms possiblo that experiments on such relatively accessible 
structures as skin and muselo might throw somo light on this 
problem. 

The alteration in antitoxin ratios with time in tho skin of rabbits 
raisos somo interesting questions, for if the basic assumptions aro 
accepted, tho natural interpretation of our results is that after tho 
first two or three days following injection, antitoxin-producing cells 
increaso logarithmically for about ten days, romain steady in number 
or effectiveness for a short timo and then slowly fall. There aro 
clearly two possibilities. (1) Numbers of colls only- may' be involved, 
in which caso wo must conclude that after the response has reached 
its peak at tho tenth to tho twelfth day' after secondary' stimulation, 
tho division of antitoxin-producing cells goes on at a slower rate, 
though all tho colls produced are about equally efficient. (2) Alter¬ 
natively we might suppose that as antibody-producing colls divide, 
the reproduction of antibody-producing “ contres ” in the cell becomes 
less and less accurate, so that after a timo the amount of protein 
possessing demonstrable antibody activity becomes less and less, 
although now “ centres ” are constantly boing set up in other cells. 
It is difficult to see how experiment can settle this point. 
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Summary 

After a single secondary injection of diphtheria and tetanus alum- 
precipitated toxoid into the skin, fat or voluntary muscle of rabbits 
or guinea-pigs, specific antitoxin may be produced in the injected 
tissues. No evidence of antibody production can be obtained in the 
liver, spleen, kidney or bone-marrow similarly injected. 

Examination of the change with time in the antitoxin ratios in 
the skin of rabbits injected with tetanus and diphtheria A.P.T. suggests 
that the changes in the circulating antibody after a secondary st im ulus 
are in part a reflection of activity in the antibody-producing areas. 

No evidence has been obtained that a single subcutaneous secondary 
injection of diphtheria or tetanus A.P.T. will elicit local production 
of antitoxin in the horse. 

Our very grateful thanks are due to Mr A. T. Glenny, F.R.S., for much 
helpful criticism, to Mr A. Thomson for carrying out the experiments on horses, 
and to the staff of the immunology department and the stables for invaluable 
technical assistance. 
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THE ACRA TEST AS A MEANS OF ESTIMATING 
HYALURONIDASE, DEOXYRIBONUCLEASE AND 
THEIR ANTIBODIES 

C. L. Oakley mid G. Harriet Warrack 

Wellcome Research Laboratories, Biological Division, Beckenham, Kent 

Burnet (1918) devisod tho ACRA test (ncid-congo red-alcohol) for 
tho demonstration of hyaluronidaso in cultnro filtrates of Cl. wclchii 
and Staphylococcus aureus. Tho tost depends on tho fact that mixtures 
of human synovial fluid and aqueous Congo red will, under suitablo 
conditions, form a compact blue lenticular “ blob ” when a drop of 
tho mixture is allowed to fall into acid alcohol (1 por cent, concentrated 
HC1 in 70 per cent, alcohol). Progressive reduction of tho amount 
of hyaluronic acid in tho mixture, either by dilution or by enzymatic 
digostion with hyaluronidaso, loads to progressive changes in the 
blob formod in tho test; it becomes less cohesive, with less distinct 
edges ; then it becomes annular, and at sufficient dilution tho drop of 
synovial fluid and Congo red spreads freoly into tho acid alcohol. 
Specific antihyaluronidasos will inhibit the digostion of synovial fluid 
by hyaluronidaso and may bo calibrated for this property. Burnet 
has also applied tho method to tho detection of mucinnses and anti- 
mucinnses. 

Wo have found that, with suitablo modifications tho test can bo 
used to estimate hyaluronidaso and deoxyribonucleaso and to calibrate 
sera for antihyaluronidasc and antideoxyribomiclenso with considerable 
accuracy. 

Experimental observations 

Factors ajjccling the test for hyaluronidaso 

The substrate. For most of our work we Imvo used liorso synovial fluid ; 
there is good reason to suppose that other synovial fluids would work equally 
well. Different samples of liorso synovial fluid, however, differed markedly 
in their properties ; somo produced a good blob in tho ACRA test nt a dilution 
of 1 in 500, others spread freoly, even undiluted. It was therefore always 
necessary to test tho synovial fluid on every occasion before use ; in all tests 
about eight indicating doses of substrate were used. It can readily ho shown 
(table I) that tho standard indicating dose and test dose of filtrates depend 
on tho number of indicating doses of substrate present (cf. Burnet). Tho keeping 
properties of liorso synovial fluid also varied greatly; somo samples would 
keep for weeks in the cold box, then suddenly, though apparently uninfected, 
become useless ; others would spread undiluted after only a few days’ cold 
storage. 

J. PATH. DACT.—VOL LXUl 45 
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Horse synovial fluid precipitated with saturated alcoholic potassium acetate 
has proved satisfactory, a good blob being produced at a concentration of 
0-05 per cent, of the dried precipitate. Hyaluronic acid prepared from the 
umbilical cord by Hadidian and Pirie’s method (1948) and hyaluronic acid 
obtained from commercial houses proved useless for this test. 

Table I 

Relation between synovial fluid concentration in AGRA tests and the 
standard indicating dose and test dose of a Cl. welchii filtrate 


Synovial fluid used 

Standard indicating 
dose of filtrate 

Test dose of filtrate 

0-5 ml. 1/2 

0-004 ml. 

0-51 ml. 

* ” 

0-002 ml. 

0-51 ml. 

* „ 1/8 

0-002 ml. 

0-46 ml. 

„ 1/16 

0-001 ml. 

0-38 ml. 


* Amount used in tests. 

The synovial fluid contained 128 indicating doses per ml. 


The diluting fluid. The most satisfactory diluent was borate-buffer-saline 
pHS (B.B.S.), which we have used throughout; 1 per cent, saline was almost 
as good; M/20 phosphate-buffer-saline pH 7 was unsatisfactory; the blobs 
dispersed readily and the results were not so reproducible as with other diluents. 

The concentration of Congo red. The final concentration of Congo red in the 
tests has a decisive effect on the results. In general, the lower the concentration 
of substrate, the higher the concentration of Congo red necessary to form a 
blob-producing mixture ,- for any constant concentration of substrate, increasing 
concentrations of congo red produce a steady increase in the coherence of the 
blob formed. Table II shows the result obtained when a constant amount and 

Table II 


Effect of congo-red concentration on the pattern obtained in the AGRA test 
(2-0 ml. diluted synovial fluid plus 0-4 ml. congo-red dilution) 


Synovial fluid 
used 

Concentration of Congo red used 

0-00 

0-13 

0-25 

0-5 

1*0 

2*0 percent. 

i 

spread 

annulus 

blob 

blob 

blob 

blob 

2 

» 

spread 

99 

99 

99 

99 

3 

” 

” 

99 

» 

99 

99 


concentration of substrate is treated with constant volumes of varying con¬ 
centrations of congo red. The effect of congo red is not due to the increasing 
concentration of congo red altering the viscosity of the mixtures, for the viscosity 
of all the mixtures in table II (relative to water) was practically constant, 
though the concentration of congo red varied from 0-06 to 2 per cent. 

The diameter and height of the capillary nozzle. The greater the diameter 
of the capillary, the larger the drop formed by it and the greater the kinetic 
energy with which it strikes the acid alcohol. A similar effect is produced if 
the height of the capillary nozzle above the acid alcohol is increased. If either 
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tbo diameter of tlio capillary or the height from which tho drop falls is too 
great, a drop which fehould form ft blob nmy bo flattened out into mi apparent 
spread on tho bottom of tho petri dish by tho forco of impact. Wo havo usually 
used a pasteur pipetto of 1 mm. internal diamotor anti dropped tho liquid from 
X cm. above tho acid alcohol. 

The depth of the acid-alcohol layer. Reducing tho depth of tho acid-alcohol 
layer lias much tho samo effect ns allowing tho drops to fall from too groat a 
height. To avoid variations in tho depth of tho acid alcohol, tho potri dish is 
levelled up before use, with a piece of whito filter paper underneath it to show 
up tho blobs, and filled to a measured depth of at least 4-5 mm. 


Tests for hyaluronidasc and antihyaluronidasc 

Preliminary test for substrate. Prepare doubling dilutions of horse synovial 
fluid in B.B.S. in 0*5 ml. volumes in Lambeth tubes, add 1-B ml. B.B.S. to 
eacli, mix by inversion over non-absorbent paper and incubate in a water-bath 
nt 37° C. for ono hour. Removo tho tests from tho hath and cool them rapidly 
in ico-cold water; add to each tubo 0-4 ml. of 0*5 per cent, congo rod, mix by 
inversion, allow to stand for fivo minutes and thou test as below. 

Level a potri dish of convenient f?i?o and fill with acid alcohol to a measured 
dopth of at least 4-5 mm. Removo ft suitable) quantity of fluid from each tubo 
with n past our pipotto (internal diameter 1 mm.) and allow a drop to full from 
ft height of 1 cm. into tho acid alcohol. Tho results are road directly from tho 
appearance of tho patterns formed. For our purpose tho tube containing the 
smallest amount of substrate giving a good cohesive blob is taken as tlio end- 
point, and is said to contain ono indicating doso of substrate. For testing 
hyaluronidftscs and antisera eight indicating doses of substrato are used. 

Test for Cl. welchii hyaluronidasc. Prepare doubling dilutions in B.B.S. 
in 1*0 ml. volumes of fluid to bo tested for hyaluronidnso, add to each 0*5 ml. 
B.B.S. and 0*5 ml. horse synovial fluid diluted in B.B.S. to contain 8 indicating 
doses. Then proceed exactly as in tests for substrate. Tubes containing high 
concentrations of hyaluronidasc produce ft complete spread in tho test; tho 
end-point is tnken ns tho tube containing the least amount of test substance 
from which tlio drop Rprends freely. Tin’s is said to contain ono standard 
indicating doso ; different observers obtain consistent results with very little 
practice. Controls using bulTer and substrato only were always included in 
the test. 

Nesulls. A number of filtrates were obtained from strains of 
Cl. welchii grown for 5-18 hours in moat broth plus a concentrated 

Tabi.e III 


Production of hyaluronidasc by Cl. welchii 


Type 

2To of strains 
examined 

Positive 

jJcpfithe 

A 

14 

7 

7 

B 

14 

14 

0 

C 

9 

0 

9 

D 

19 

4 

15 

E 

G 

0 

G 

F 

G 

0 

6 


papain digest of horse muscle and a large amount of cooked horse- 
meat particles. Table III shows the results obtained in ACRA tests 
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for hyaluronidase; filtrates giving positive results usually contained 
1000-2000 standard indicating doses per ml. 

The results for Cl. welchii type A agree very well with those obtained 
by McClean, Rogers and Williams (1943), Evans (1945) and Kass, 
Liehstein and Waisbren (1945), who found that 33-52 per cent, of the 
strains examined produced hyaluronidase. Chain and Duthie (1940) 
state that Cl. welchii types A and B produce hyaluronidase, but that 
types C and D do not; the number of strains examined is not stated. 
In our hands all type-B and some type-D strains have given positive 
results ; the few strains of types C, E and P were consistently negative. 

, Shiee McClean and Hale (1941) and Rogers (1945) emphasise the 
importance of the addition of hyaluronic acid to the medium for the 
enhancement of hyaluronidase production by Cl. welchii strains, one 
Ol. welchii type-A, one type-B, two tyrpe-C, two type-D, two type-E 
and two type-F strains were grown for 5, 24 and 48 hours in the 
meat-broth medium referred to above plus 0-15 per cent, hyaluronate, 
and compared with controls grown in the meat-broth medium alone. 
There was .no enhancement of production by the positive type-A and 
-B strains, and no evidence of any hyaluronidase production by the 
-C, -D, -E or -P strains. This result may be due to our use of media 
different from those used by other workers: it is possible that our basic 
medium contained more than the optimum amount of hyaluronate, 
unlike the casein hydrolysate medium used by Rogers, the peptone 
plus beef-extract medium used by r Evans or the peptone medium used 
by McClean and Hale. 

Kass et al. state that Cl. welchii strains lose their capacity to produce 
hyaluronidase in meat-broth medium if they are repeatedly subcultured, 
even when hyaluronic acid is added to the medium. Some of our 
positive type-A and -B strains had been subcultured very many 7 
times, while one type-C, four type-E and six type-F strains had been 
recently isolated but failed to produce hyaluronidase even when 
hyaluronic acid was added to the medium. It seems reasonable to 
conclude that the strains of type C, E and F examined by us do not 
produce hyaluronidase. 

Test for antihyahironidase. EX 902 was chosen as standard and given an 
arbitrary antiiiyaluronidase value of 200 units; tests were carried out at one 
unit, at which level the test dose contained about 250 standard indicating 
doses. The test dose was determined as follows :— 

To amounts of filtrate differing by 10 per cent, add one unit of serum diluted 
in B.B.S. and make the volume up to 1-5 ml. with B.B.S. Mix the tubes by 
inversion and allow them to stand at room temperature for 30 mins.; 
add 0-5 ml. synovial fluid diluted to contain S indicating doses and proceed as 
in hyaluronidase testing. Take as test dose the minimum amount of filtrate 
which, when mixed with one unit of antitoxin, just produces a good spread in 
the ACRA test. This test dose is then used to calibrate other sera in the usual 

way. 

Results. The majority of sera gave consistent answers ; one only 
(RX 5457), tested against the same filtrate, gave a range of answers 
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from 1300 to 2000 : this inconsistency is so for unoxplainod. Table IV 
givos the values of a numbor of sora tested against tbo hyaluronidaso 
present in filtrates of Cl. welchii typo-A, type-B and two typo-D„ 
Table IV 

Comparison of antihyaluronidasc values of sera against four different Cl. Welch ii 
filtrqtcs to show that the same hyaluronidasc is present in all 


Scrum 

Antihyaluronidasc >alue> against Jlllrate of type 

A 

B 

I) 

I) 

EX 002 * 

200 

200 

200 

HIM 

EX 1101 

90 

80 

80 


RX 5218 

250 

210 

210 


RX 5457 

1300-2000 

1500 

1100 


R 5003 

120 

90 

90 


R 5009 

200 

180 

170 

wBml S^Bf 

R 0423 

3.5 

40 

30 


R 7483 

<0 

<0 

<8 


R 8531 

70 

so 

85 


RR 3518 

<0 

<0 

<0 

<6 

RR 5959 

250 

240 

280 

200 

LX 251 

80 

100 

70 

70 

GGC 3290 

80 

90 

70 

70 

G\VP 100 

750 

730 

770 

800 


• Standard. 


strains—one producing A-antigon, tho otlior not (Oakloy, Warrack 
and Warren, 19iS), It is dear that the antjbyaluronidaso values 
of tho sera aro indopondent of the source of tho filtrate used, and 
therefore that tho hyaluronidases produced by these typo-A, type-B 
and typo-D strains aro antigonically equivalent. 

Avidity in antiliyaluronidase sera. It was found possible to carry 
out reasonably accurate antihyaluronidaso tests at 1/20 unit: deter¬ 
minations of the avidity of sora wore therefore practicable, Tlio 
test dose of a Cl. welchii typo-A filtrate was determined at 1, 0-5, 
0-25, 0-125 and 0-0G25 units ; tho results are givon in table V. 

Table V 


Hyaluronidase test dose of a Cl. welchii filtrate at levels ranging from 
1 to 1/10 unit, to show varying degrees of avidity of sera 


Serum 


Test dose of Cl. urlchn filtrate In ml. at unit let cl 

1 

1/2 

1/4 

1/8 

1/10 

EX 902 

0-62 

0-51/2 

0-46/4 

0-23/8 

<0-13/16 

EX 1101 

RX 5218 

0-62 

0-51 

0-68/2 

0-68/2 

0-62/4 

0-51/4 

<0-42/8 

0-34/8 

RX 5457 

0-G3 



0-84/8 

0-03/16 

... 

R 5609 

0-62 

1-0/2 

>1-0/4 

0-74/8 


BA o457, BA 5218, B 5609 and EA 1101 are reasonably avid * 
EX 902 is very non-avid, its test dose becoming relatively less 
with increasing dilution of serum. 
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Antiliyaluronida.se in normal horse sera. Cl. welchii antihyal- 
uronidase has been reported in normal sera by Hobby et al. (1941) 
and McClean (1942) ; we therefore tested a number of fresh and 
aged normal horse sera for Cl. welchii antihyaluronidase at 1/20 unit 
level. All sera tested at this level had less than 1-5 units; it was 
impossible to test them below this, as concentrations of serum greater 
than 1 in 30 themselves caused complete spreading in the ACRA test. 

We have also tested normal sera by the less satisfactory method 
of preparing twofold dilutions of Cl. welchii hyaluronidase and adding 
1 ml. of serum diluted 1 in 30 to each of them. No antihyaluronidase 
could be detected in normal horse sera by this method. 

Experiments with partially purified hyaluronic acid. Partially 
purified hyaluronic acid was prepared from synovial fluid as follows :— 
One and one-third volume of ethanol saturated with potassium 
acetate and cooled to —10° C. was added to one volume of horse 
synovial fluid, the stringy clot well washed with alcohol and then 
with ether and dried over phosphorus pentoxide. The white powder 
so obtained was dissolved in distilled water and 0-5 ml. of a 0-05 per 
cent, solution used in the tests. 

Table VI shows the values of sera in ACRA tests against Cl. welchii 
type-A and type-B filtrates, using synovial fluid and partially purified 
hyaluronic acid as substrates : the results agree well and leave no 
doubt that the same enzyme is titrated in all cases. 


Tabbe VI 

Comparison of antihyaluronidase values of sera against a Cl. welchii type-A 
and a type-B filtrate, using as substrate synovial fluid or hyaluronic acid 


Serum 


EX 902 * 
EX 1101 
RX 5218 
RX 5457 
R 5603 
R 5609 
R 6423 
R 7577 
R 8531 
RR 3518 
LX 251 
GGC 3296 
GWP 160 


Serum values against filtrate of 


type A, using as indicator 


synovial fluid 


200 

90 

250 

1300-2000 

120 

200 

35 

<6 

70 

<10 

80 

80 

750 


hyaluronic acid 


200 

250 

1650 

100 

200 

30 

<8 

95 

<8 

SO 

110 

610 


type B, using as indicator 


synovial fluid 


200 

80 

240 

1500 

90 

180 

40 

<6 

80 

<6 

100 

90 

730 


hyaluronic acid 


200 

60 

270 

2000 

90 

160 

50 

<6 

80 

<6 

90 

90 

730 


* Standard. 


Nomenclature. The only known toxins of Cl. welchii common to 
types A, B and D are Cl. welchii a. and 6 toxins. Table VII shows that 
the Cl. ’welchii antihyaluronidase values of sera bear no relation to 
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their nnti-a or nnti-0 values , Cl. welch ii liyaluronidaso is nntigonicaUy 
distinct from a nnd 0 to\ins, and—by elimination—from tho othor 


Taw.f VII 

Comparison of Cl. welclm antdiyaluronidasc values of sera with their anti-a and 
anti 0 tallies, to show that Cl. uolcliu hyaluronidasc is antigcnicaHy distinct 


Vnim 

\ntlh)«lnronlchw \a!uo 


Anti 0\aluc 

EX 902 * 

200 

200 

H0 

EX 1101 

90 

20 

30 

RX 5218 

250 

3990 

1100 

R 5003 

120 

280 


R 5009 



10 

R 0123 

35 

70 

70 

R 7843 

<0 

170 

130 

RR 3718 

<0 

220 

32 

LX 251 

80 

100 

02 

GGC 3290 

ETZin jrc 


40 

GWP 1G0 

750 

4500 

10 


• Standi r<I 


known toxins of Cl uetclni. Wo find it convoniont to call it Cl. xiclcMi 
Mu-antigon (p-antigen). 

Factors affecting the test for deoxyribonuclease 

Most of tho factors affecting tho test for hynluromdnso nro equally important 
in cleoxynbonucloase tests : a few additional points arc roforred to horc 

The substrate. Wo have used throughout sodium deoxyribonucleato prepared 
from horso spleen by tho method of Gulland, Jordan and Tlirolfall (1947) (seo 
Wnrrack, Bid well and Oakloy, 1951) It was dissolved m M/40 veronal buffer, 
pH 7*5, containing 0 003 M magnesium (McCarty, 1945 40) by gentle shaking 
m a water-bath nt 37® C. Commercial deoxyribonucleate proved unsatisfactory 
for AGRA tests. 

Diluents. Veronal buffer uas used for diluting substrate, 1*5 per cent, 
ncopeptone m 1 por cent, sahno for diluting filtrates nnd sera. 


ACRA tests for deoxyribonuclease and antideoxynbonuclcase 

Test for substrate. Dissolve sodium deoxyribonucleato ui veronal buffer 
as above to give a convenient concentration. From this solution prepare two 
fold dilutions in 0*5 ml. volumes of \eronal buffer and add 1-5 ml. of 1*5 per 
cent, neopoptone to each tube. Mix by inversion and meubate m a wnter-bnth 
at 37° C. for one hour. Subsequent testing is exactly ns in tho ACRA tests for 
synovial fluid. The blob formed m tho test is rather smaller than that produced 
by synovial fluid, and tends to break up more readily, though if it contains 
sufficient deoxyribonucleate it always retains 6ome structure Tho batch of 
sodium deoxyribonucleate used in our tests gave a good viscous blob at 0-13 per 
cent., a fair blob at 0 0G5 per cent, and spread at 0 033 per cent. A concentra¬ 
tion of 0 13 per cent, vas therefore used m our tests. 

Test for Cl. welchu deoxyribonuclease. Filtrates eon be tested for deoxy¬ 
ribonuclease by estimation of the maximum dilution in 1 *5 per cent, neopeptone 
m 1 per cent saline at which they will produce spreading of sodium deoxy¬ 
ribonucleate in standardised ACRA tests. 
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Results. Owing to lack of substrate, few strains of Cl. wdchii have 
been examined for deoxyribonuclease production. Filtrates from 3 
type-A strains contained 32-64 standard indicating doses per ml.; 
three type-B filtrates 8-64 doses; one filtrate from a type-C strain 
bad no activity undiluted, but another, concentrated about 30 times, 
had about 16 standard indicating doses per ml. Two filtrates from 
type-E strains had only 4-8 doses; another, concentrated about 
40 times, 1000 standard indicating doses per ml. Two type-F strains 
had 32 and 64 doses per ml. respectively. 

Test for Cl. welchii antideoxyribonuclease. Serum GWP 2081 was 
chosen as standard and given an arbitrary antideoxyribonuclease 
value of 180 units. Tests, in general similar to those used for anti- 
hyaluronidase, were carried out at 2- or 4-unit levels; the test dose 
contained 15 or 30 standard indicating doses. Table VIII gives the 

Table VIII 


Serum antideoxyribonuclease values against Cl. welchii type-A and type-F 
filtrates in ADR A tests (substrate sodium deoxyribonudeale) 


Serum 

Serum values against filtrate of 

type A 

type F 

EX 1254 

EX 1263 

EX 1274 

EX 1275 

RX 5326 

RX 5457 

RX 5526 

RX 5527 

GWP 160 

GWP 2081 * 

130, 140 

140, 150, 140, 100, 100 

490, 390, 390 

140, 120 

50, 45 

50, 50, 40 

410, 420, 300, 320 

180, 120, 120, 175 

35, 40 

180 

150, 180 

<40, <50, <30, <7 

480, 510 

230, 200, 190 

60, 65 

45, 45 

670, 510, 540, 450 

200, 215, 215 

35, 45 

180 


* Standard. 


serum values against one Cl. welchii type-A and one type-F filtrate. 
Considering the errors of the test, the agreement is fair; only one 
serum (EX 1263) gives discrepant values which are so far unexplained ; 
the rest leave little doubt that the same deoxyribonuclease is present 
in both Cl. welchii type-A and type-F filtrates. 

Comparison of the AGRA test with McCarty's alcohol 
precipitation test 

McCarty (1949) described a test for streptococcal deoxyribonuclease 
and antideoxyribonuclease which depends on the fact that alcohol 
precipitates sodium deoxyribonueleate as a fibrous mass. After 
digestion of tbe deoxyribonueleate with deoxyribonuclease, addition 
of alcohol produces only a fight floccular precipitate. 

Test for substrate. Dissolve sodium deoxyribonueleate to a convenient 
concentration in the veronal buffer used for the ACRA test and prepare from it 
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two-fold dilutions in O'5 mi. volumes of voronnl buffer; ndd to onch 1-fi ml. 
of protein hydrolysate diluted 1 in 5 in distilled water (this proved more 
satisfactory than neopeptono solution). Mix by inversion, incubate in a wntor- 
buth nt 33“ C. for one hour, remove from bath, cool rapidly in ice-cold water, 
ndd 2 ml. of 05 per cent, alcohol nnd miv by gcntlo shaking. Read tho teats 
directly from tho fibrous mass formed. If sufficient eubstrnto is present, a 
firm fibrous clot will float to tho surface ; ns the amount of Rubstrato diminishes 
only threads appear nnd finally' only a light floccular precipitate is formed. 
Ono batch of substrate gave a good clot at 0-13 per cent., a smaller clot at 
0-005 per cent, nnd threads at 0-033 per cent.; wo used a concentration of 
0-13 per cent, in tests. 

Test for Cl. welcliii deoxyribonuclease. Filtrates can bo tested for deoxy¬ 
ribonuclease by estimation of tho maximum dilution in protein liydrolysato 
that will, under standard conditions, reduce tho amount of sodium dcoxy- 
ribonucleato to that which will form only threads in alcohol precipitation tests. 

Test for Cl. welchu antideoxyribonuclcasc. GWi' 2081 was used ns the 
standard, as in ACUA tests, at a vnluo of 180 units. Sera wero tested ngninst 
it at the 2-unit love! at 20 per cent, differences; at this level tho tost doso 
contains 30 standard indicating doses. 

To tho test doso at 2 units add amounts of test sera differing by 20 por cent.; 
odd diluted protein hydrolysate to 1-5 ml., mix by inversion and allow to atnnd 
30 mins. Add 0-0 ml. of diluted substrate, incubato in a wnter-bath nt 37“ C. 
for ono hour, romovo, cool rapidly in ico-cold water, nnd ndd 2 ml. of 03 per cent, 
alcohol to ench tube. Take as end-point tho tube containing most antitoxin 
that shows threads. Both entdo nnd refined sera diluted less than I in 20 were 
precipitated by alcohol under tho conditions of tho test; it was therefore 
impossible to test sera whoso values wore less than 10 units. 

Tablo IX givos tho average values for a number of sora tested for 
anti-deoxyribonucloaso by tho ACRA and alcohol precipitation 
mothods ; tho rosults agree fairly woli, showing that botli tests estimate 
tiie samo antideoxyribonucioaso. 

Tam-b IX 


Comparison of scrum values against a Cl. welcliii type-A filtrate fit ACItA and 
alcohol precipitation tests, using sodium dcoxyribonucleatc as substrate, to 
show that both tests measure the same antigen and antibody 


benun 

Scturn values In 

ACRA tests 

alcohol precipitation tests 


EX 1254 

130, 140 

140, 150, 140, 100, 100 

130 

EX 1263 

no 

EX 1274 

400, 300, 300 

300 

EX 1275 

140, 120 

175 

RX 5320 

50, 45 

40 

RX 5457 

50, 50, 40 

30 

RX 5520 

410, 420, 300, 320 

550, 500 

RX 5527 

180, 120, 120, 175 

m 

GWT 2081 * 

180 

180 


* Stanchrd. 


Nomenclature. As table X shows, the deoxyribonuclease present 
in Cl, welcliii type-A and type-]? filtrate is antigenically distinot from 

3 . PAT I!. JUCT —VOL LXIII 
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tlie other known antigens of Cl. welchii types A and F; we therefore 
propose to call it Cl. welchii Nu-antigen (v-antigen). 


Tabke X 


Comparison of 01. welchii antideoxyribonuclease values of sera with their anti-oc, 
anti-p, anti-6, anti- K , and anlihyaluronidase values, to show that Cl. welchii 
deoxyribonuclease is antigenically distinct 


Seram 

Serum v-niues 

Antl-a 

Anti-5 

Anti-8 - 

Anti-* 

Antihyal¬ 

uronidase 

Average 

nntideoxy- 

ribonucicase 

valuo 

EX 1254 

5-5 

2,800 

0 

<20 

<5 

135 

EX 1263 

3-1 

800 

1-8 

<20 

<5 

116 

EX 1274 

4-25 

6,750 

19 

<0-5 

<0-5 

420 

EX 1275 

3-8 

230 

28 

<0-25 

<5 

130 

RX 5326 

1650 

0-5 

640 

2500 

145 

47 

RX 5457 

620 

0-5 

16-5 

5 

1500-2000 

46 

RX 5526 

6 

11,000 

3 

<20 

<1-5 

375 

RX 5527 

3-3 

1,000 

15-5 

<20 

<1-6 

145 

GWP 160 

4500 

0-5 

16 

6900 

750 

47 

GWP 2081 * 

2700 

<0-5 

180 

3500 

560 

180 


* Standard for nntideoxj’ribonuclease. 


SUMMARY 

The ACRA test can be modified to test with considerable accuracy 
for liyaluronidase and deoxyribonuclease and to calibrate sera for 
antihyaluronidase and antideoxyribonuclease. 

By its use it can be shown that the same hyaluronidase (Cl. welchii 
p- antigen) is produced by some Cl. welchii type-A strains, all type-B 
strains and some type-D strains examined. No type-C, -E or -P 
strains produced any hyaluronidase ; the addition of hyaluronic acid 
to our medium made no difference to hyaluronidase production by 
any of the strains tested. 

Similarly it can be shown that Cl. welchii types A and F produce a 
deoxyribonuclease (Cl. welchii r-antigen) and that the ACRA test 
and McCarty’s alcohol precipitation test estimate the same antigen 
and antibody. 

We should like to thank Dr E. Bidweil for supplies of hyaluronic acid and 
sodium deoxyribonucleate, airs I. Batty for determining the ant i-a. and 
anbi-0 values of some of the sera. Miss J. C. Waite and Miss H. E. Boss for 
many bacterial filtrates, and Miss E. Hart and Miss B. Sievewright for con¬ 
siderable technical assistance. 
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STAPHYLOCOCCAL PHOSPHATASE, GLUCURONIDASE 
AND SULPHATASE 

Mary Barber, B. W. L. Brooksbaxk and S. W. A. ICutkb 

From the Departments of Bacteriology and Chemical Pathology, 

St Thomas's Hospital Medical School, London 

Barber et al. (10-48) carried out experiments to determine what 
organisms may be responsible for the destruction of “ prognnndiol-liko 
glucuronido ” (Bissot cl al., 1048) in nnpresorvod human urino. A 
number of organisms likely to be present in non-cntlietor specimons 
of urino, such ns Bad. coli. Strep, fcccalis, and staphylococci wore 
tested, and it was found that cortain strains of Staph, albus destroyed 
both pregnandiol-like glucuronido and pregnandiol glucuronidato. 
Since a few strains of Staph, pt/ogencs tested at tho same timo wore 
without apparent ofTect on tlioso compounds, it was considered desirable 
to mako a further study of tho distribution of glucuronido-dostroying 
enzymes among staphylococci. While studying glucuronidaso pro¬ 
duction, the samo organisms wore testod for phospliataso nnd, at the 
suggestion of Profossor L. Young, for sulphataso. 

The use of phcnolphthaloin phosphate ns a substrate in tho 
detection of bnctorial phosphatase was first recommended by Bray 
and King (1942). Tho advantage of this compound for such tests is 
obvious owing to tho ease with which free phenolphthalcin can bo 
detectod. We decidod, thoroforo, to uso phonolphtlialein glucuronido, 
phenolphthaloin phosphato and phonolphtlialein sulphate as substrates 
for the present investigation. 

Methods 

Substrates. Phenolphfchnlem diphosphoric ncid was prepared from phenol- 
phthalein and phosphorus oxycldorido in pyridino-chloroform according to tho 
procedure of Fishman ctal. (1948). Some of tho gummy mass of phonolphtlialein 
diphosphoric acid so obtained was dried in a vacuum desiccator over calcium 
chloride and used for the phosphatase tests. Phenolphthaloin diphosphoric 
acid, unliko tho calcium salt—the preparation used by Bray and King (1942), 
is readily soluble in water. Tho solution is of course acid, but can bo brought 
to a neutral or slightly alkaline pH by dilution with phosphate buffer or » 
bacteriological medium at pH 7-4. A sampio of tho solid was converted to the 
Bodium salt and purified according to tho procedure of Huggins and Talalay 
(1945). Tho pure sodium salt was analysed for total phosphorus and for sodium. 
Two analyses gave values for P of 10-61 nnd 10-42 per cont.; the calculated 
P value for C, 0 H, 3 O u PJ\'a 5 was 10-24 per cent. Tho corresponding figures 
for Ha were 11-9 and 11-4 per cent,; calculated value 19-0 per cent. The 
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calculated values for the trisodium salt of the diphosphate, C 20 H 15 O„RNa,, 
were P, 11-04 per cent.; Na, 12-28 per cent. It is not possible to distinguish 
between the penta- and trisodium salts from the analytical figures for sodium 
but it is "unlikely that the compound is not a diphosphate. It will be noted 
that Huggins and Talalay also found anomalous figures, namely Na, 11-68 ner 
cent.; P, 9-46 per cent. 


The bulk of the phenolplithalein diphosphoric acid was made into a neutral, 
essentially pyridine-free solution. This was injected into rabbits at first in 
two simultaneous daily injections of 5 ml., each containing approximately 
500 mg., and later in two simultaneous daily doses of half this amount. The 
rabbits (8 in all) were kept in metabolism cages and about 60 g. of phenolplithalein 
phosphate administered to them. Two died under the large dosage and were 
replaced, but all survived the lesser dosage. They were fed on cabbage and 
carrots, with "water ad libitum . The urine was collected under toluene and 
processed according to Fisliman ct al. for phenolplithalein glucuronide. The 
yield of the crystalline cinchonidine salt of phenolplithalein glucuronide, twice 
recrystallised from hot methanol by the addition of hot ethyl acetate, was 
10-1 g. An approximately equal quantity of cruder material was also obtained. 
The purified cinchonidine salt gave 93-5 per cent, of the theoretical quantity 
of phenolplithalein for a salt with one molecule of methyl alcohol of crystallisa¬ 
tion when hydrolysed by boiling with 4JVHCI. A nearly 0-01 M solution of 
sodium phenolplithalein glucuronidate was prepared from the crystalline 
cinchonidine salt by the procedure of Talalay et al. (1946). This was diluted 
as required for the glucuronidase tests. 

Phenolplithalein sulphate is a new compound and was prepared by Professor 
L. Young. 

Preparation of medium. Stock solutions, approximately 0-01 M, of the 
three substrates were prepared in water, sterilised by Seitz filtration and stored 
in a refrigerator. For tests, these solutions were added separately, with aseptic 
precautions, to broth consisting of Lab-Lemco 1 per cent., peptone (Evans) 

1 per cent, and NaCl 0-5 per cent, at pH. 7-4-7-6. The final concentration of 
the substrate used was in most cases l/50th of the stock solution (i.e. 0-0002 M, 
or approximately 0-01 per cent.). Higher concentrations increased the rate of 
liberation of free phenolplithalein ,- lower concentrations gave fewer positive 
reactions. 

It was found that the solutions were stable at a temperature of 100° C. 
when diluted 1 in 50 in the buffered medium at pH 7-4 used for the tests. The 
substrates were hydrolysed, however, at higher temperatures or if heated in 
acid solution. 

Pest for enzyme production. Broth plus substrate was inoculated with the 
organism to be tested and incubated at 37° C. At various intervals a sample 
was removed and made just alkaline by the careful addition of N f 10 NaOH, 
when a pink colour develops in the presence of free phenolplithalein. (With 
excess of alkali the pink colour obtained with free phenolplithalein disappears.) 
Unless a positive result was obtained earlier, the cultures were kept in the 


incubator for from 7 to 14 days. _ . 

Sources of staphylococci. Tests were carried out on 160 coagulase-positive 
strains of staphylococci, hereafter referred to as Staph. pyogenes, and 75 coagulase- 
ne<mtive strains. The former were isolated from cases of staphylococcal infection 
or'nasal carriers in sevemdifferent London hospitals, the Kent and Canterbury- 
Hospital and St Mary’s Hospital, Manchester. The date of isolation ranged 
from 1947 to the time of the present investigation ; SO of the strains were 
-penicillin-sensitive and 80 penicillin-destroying. Of the coagulase-negative 
staphylococci, 55 were recently isolated from the anterior nares of students 
and staff of this hospital and 20 from pathological specimens (12 nasal swabs 
and 8 miscellaneous) from four London hospitals. 



THREE STAPHYLOCOCCUS ENZYMES 




Bf SUI.TS 

Phosphatase From tablo I it mil bo soon that Staphylococcus 
pyogenes and coagnlase nogatno stapliy lococei differ significantly in 
their production of phosphataso All tho 100 strains of Staph pyogenes 

Tabu- I 

Phosphatase production by staphylococci 


I'hixpMtaw* | reduction 

CoamiUw jwUKo 


Positno within 24 hours * 

ICO 


Xegfttix o at 24 hours 1 

Positno in 2 7 <la$8 ) 

0 


Negatno at 7 dajs 

0 


Total 

ICO 

Mm 


* All coARuhxc po-lthc strain* thU nactl in In 18 hours or I<*«t tl e >lnj?Ii. cc«Kiiti«c juraIIm 
strain in this catCK ir> k<*'c a rractl ill betww n 18 nn 1 21 I ottra 


liberated sulhciont fieo phonolplitlialom to gno a doop red colour 
on tho addition of alkali in 18 hours or less Only 1 of tho 75 coagnlase 
negative strains gavo a comparable lcsult, namoly positno in 18- 
24 hours This strain was isolated in association with Staph pyogenes 
from tho anterior naros of a momber of tho staff of tins hospital Of 
tho otlior coagulaso nogatno strains, 54 gavo a positno ronction m 
from 2 to 7 days and 20 were nogatno at tho end of a weoh 

Glucuronidase Tho numhoi of strains liberating phonolplitlialom 
from plienolphthaloin gluouromdo is gnon in tablo II It will be 

Tame II 


Glucuronidase production by staphylococci 



CoAfpiia«w* jxwlthc 

Consulate negathe 

Glucuromdaso positive 

Glucuronidase negativo 

Total 

6 (3 7 por cent) 

154 

12 (1G per cent) 

03 

ICO 

75 


seen that 0 (3 7 por cent) of 100 strains of Staph pyogenes and 12 
(16 per cent) of 75 coagulaso nogatn e staphylococci ga\o positive 
results Tho tuno taken ranged from 1 to 7 days Of tho 0 coagulase- 
positivo strains, 4 took from 4 to 7 days and 2 from 1 to 3 days , 
tho tuno taken by tho 12 coagulaso negative strains was 4 7 days 
for 4 stiams and 1-3 days for 8 strains Thus tho coagulaso negative 
strams liberated free phonolphthalom more rapidly than tlio coagulnse- 
positive strains 
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Of the 6 glucuronidase-producing strains of Staph, pyogenes, 3 
were isolated from nasal swabs, 2 from ear swabs and 1 from the 
conjunctiva. Nine of the 12 coagulase-negative strains liberating 
phenolphthalein were from the anterior nares and 1 was from the 
air of a maternity department. The source of the remaining two is 
unknown. 

Sulphatase. None of the strains of staphylococci tested was 
capable of liberating phenolphthalein from phenolphthalein sulphate 
to any considerable degree. Two strains of Staph, pyogenes, one 
isolated from the anterior nares and one from a specimen of feces, 
gave a weakly positive reaction after 7-8 days’ incubation. None 
of the coagulase-negative strains gave a positive reaction (table III). 

Table UI 


Sulphatase production by staphylococci 


Sulphatase production 

Coagulase-positive 

Coagulase-negative 

Sulphatase-positive .... 

2 

0 

Sulphatase-negative .... 

158 

73 

Total 

1G0 

73 


In contrast to this, an aerobic sporing bacillus, encountered as a 
contaminant, gave a positive reaction in 5 days and a strain of Salm. 
paratyphi B in 4 days. 


Correlation of results and relation to other findings 

Staph, pyogenes. Of the 2 sulphatase-positive strains, 1 also 
produced glucuronidase and 1 did not. As shown in table IV, there 
was no correlation between the production of these enzymes and of 
penicillinase. 

Table IV 


Coagulase-positive staphylococci 



PeniciJIin-sensttl ve 

Penicillin-destroying 

Glucuronidase-positive . 

3 

3 

Sulphatase-positive • 

1 

1 


Coagulase-negative staphylococci. Table V relates phosphatase and 
glucuronidase activity. It will be seen that the two enzymes do not 
go together. Of the 12 glucuronidase-positive strains, 5 also produced 
phosphatase, 7 did not. 
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All coaguloso-nogotivo strains wore nlso tested for mannitol 
fermontation. Tho results in relation to glucuronidase and plios- 


Taiux V 

Coagulate negatne staphylococci 



l’luHpJmU'P iwJthr 

l’hrwphMnv ncjjathc 

Glucuromdnso-posihx c 

5 


Glucuronidase negntivo 

50 


Total 

55 

20 


pliatase are givon in table VI. Agnin tlioio is no apparent correlation 
between any of theso activities. 

Tabix VI 


Coarjulasc negatne staphylococci 



Mannitol poslthe 

Mannitol nvjnthp 

Glucuromdnsc posttno 

4 

8 

Glucuromdaso negate o 

10 

53 

Total 

14 

01 

Phosphatase posituo 

8 

48 

Phosphatase ncgnti\ e 

G 

13 

Total 

14 

Gl 


Effect of concentration of substrate 

Two strains of coagulaso-negativo staphylococci showing glucu- 
romdaso activity were each inoculated into tubes of broth containing 
three different concentrations of phonolphthaloin glucuronido, namely 
0-0025 per cent, in tubo 1, 0-01 per cent, in tube 2 (equalling the 
concentrations used in previous tests) and 0-1 por cent, in tube 3. 
After 48 hours at 37° C., the amount of freo phonolphthaloin was 
estimated Tho results are shown in table VII. It will bo soon tliat 
the fourfold increaso in substrate between tubos ] and 2 caused a 
considerable increase m tho amount of phonolplithalein liberated, 
whereas the furtbor tenfold increase in substrate between tubes 2 
and 3 had comparatively little effoct on tho amount of phonolplithalein 
liberated. A third strain, recorded ns negative in table II, was found 
to liberate 2-3 pg./ml. of phonolphthaloin when grown in broth 
containing 0-1 per cent, of substrate. 
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Po«r coaguZase-negative strains were tested qualitatively after 
i , rs Incu bation in 3 different concentrations of phenolphthalein 
phosphate, namely 0-01, 0-05 and 0-1 per cent. Two of the strains 


Table VII 

Effect of concentration of substrate on amount of phenolphthalein 

liberated 


Concentration of substrate 
(g. per 100 ml.) 

Phenolphthalein liberated 

Strain P6009 

Strain M3994 

Mg. /ml. 

Percentage of 
total present 

Mg./ml. 

Percentage of j 
total present 

0-0025 

6-6 

54-9 

10-3 

85-8 

ooi 

18-0 

30-0 

22-4 

37-3 

0-1 . 

18-4 

3-1 

24-1 

4-0 


gave a negative result in all three tubes ; these two strains had both 
been negative after 7 days in the previous tests. Two strains gave a 
positive reaction in the tube containing the highest concentration of 
substrate (0-1 per cent.) but were negative in the other two tubes; 
these strains gave a positive result in 2 and 4 days respectively in 
the previous tests, when the concentration of substrate was 0-01 
per cent. 

Discussion 

In 1932 Gordon and Cooper demonstrated the presence of glycero- 
phosphatase in chloroform-killed suspensions of Staph, aureus and 
Bact. coli, and in 1933 Boivin and Mesrobeanu also recorded phos¬ 
phatase activity of these organisms. With acid-insoluble phosphate 
substrates, the latter workers found greatest activity at p H 10, 
whereas with acid-soluble phosphates the optimum pH was 6. They 
favoured the view 7 that these organisms had two distinct enzymes 
but could not rule out the possibility that the results were due to a 
single enzyme, the optimum pH varying with the substrate. 

The introduction by Bray and King (1942) of phenolphthalein 
phosphate as a substrate has made the detection of bacterial phos¬ 
phatase relatively simple. These w r orkers (Bra} 7 and King, 1043 ; 
King, 1943) studied a large number of micro-organisms belonging to 
a wide variety of species for phosphatase activity by incorporating 
phenolphthalein phosphate in an egg medium. The great majority 
of the organisms studied showed some activity, but 60 strains of 
Corynebacterium diphtheria all gave negative results. Ten strains 
each of Staph, aureus and Staph, albus (coagulase test not recorded) 
all gave a strongly positive reaction. The amount of substrate used 
by these workers was about 40 rimes that used in the present investiga- 




three staphylococcus enzymes ok 

tion, which may account for thoir finding no apparent diffeienco in 
reaction botwcon strains of Staph, aureus and Staph, albas. Bray 
and King (1043) found that reduction in tho amount of phonolphthalein 
phosphate in tho medium eliminated weak reactors. In tho presont 
investigation, it was found that an increase in tho amount of substrate 
accolorated positive reactions in coagnlaso-ncgativc htaphylococei and 
tho concentration used for tiic tests was tiiat givmg maximum 
differentiation. 

Sovoral studies of bacterial glucuronidase havo appeared recently. 
Front cultures of Bad. coli, Buobler d al. (1040) and Smith and Mills 
(1050) prepared coll-freo filtrates which wore nblo to liborato tho 
aglycones from /3-D-glucuronidos. The enzymo or onzymes responsible 
havo been loosely classified as ^-glucuronidase, nlthough no tests of 
their specificity or mode of action hai o been made. Karunairatnam 
and Lovvy (1050) demonstrated an enzyme liberating free phenol 
and phonolphthalein from their respective glucuronidcs in coll-freo 
preparations from medium-sized micro-organisms in tho rumon of 
sheep. Buoldor d al showed that /5-glucmonidnsc pioduction by 
Bad. coli was stimulated by tho presence of monthol glucmonido 
in tlio medium. Smith and Mills (1050) found that glucuronidnse was 
not produced by strains of Bad. coli grown in nutrient ngar or poptono 
medium, but that transference to a medium containing 0-1 por cent, 
menthol glucuronido stimulated glucuronidnso pioduction within 
24 hours. For maximal production of tho enzymo theso workors 
recommended 0-5 per cent, monthol glucmonido in tho medium, 
although with this concentration tho amount of freo monthol liberated 
was sufSciont to inhibit growth complotoly. It is possiblo, thoroforo, 
that in tho presont investigation more strains of staphylococci w'ould 
havo givon positive results if a greater concentration of substrate 
find been used. 

Summary 

Wo tested ICO strains of Staph, pyogenes and 75 strains of coagulaso- 
nogativo staphylococci for their capacity to liberato free phonolph- 
thaloin from phonolphthalein phosphato, phonolphthalein glucuronido 
and phenolphtlialein sulphato in fluid medium. 

All ISO strains of Staph, pyogenes but only 1 coagulaso-nogativo 
strain liberated freo phonolphthalein from phenolphthaloin phosphato 
in 24 hours or less; of tho remaining coagulaso-nogativo strains 54 
gave a positivo reaction with this substrate in 2-7 days and 20 were 
negative at tho end of a w eek. 

With phenolphtlialein glucuronido 6 (3-7 per eont.) strains of 
Staph, pyogenes and 12 (1C por cent.) coagulaso-nogativo strains 
gave a positive reaction. 

Only 2 strains of Staph, pyogenes and none of tho coagulaso- 
nogativo staphylococci showed any sulphatase activity. 
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Our thanks are due to Professor L. Young for the supply of phenol- 
phthalein sulphate and for much valuable advice and criticism. 
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IDENTIFICATION OF STAPHYLOCOCCUS PYO¬ 
GENES BY THE PHOSPHATASE REACTION 

Mary Barber and S. W. A. ICurER 

From the Deportment of Bacteriology, St Thomas's Hospital 
Medical School, London 

(Plate III) 

In tho previous investigation (Barber et al. t 1051) phonolphthaloin 
phosphate, as recommended by lung (1943), was used for tho detection 
of phosphatase production by staphylococci. It was found that there 
was a close correlation botwoon coagulaso production and phosphatase 
production. Thus coagulaso-positivo staphylococci, horcaftor referred 
to as Staph, pyogenes, produced sufficient phosphatase to split phenol- 
phthalein phosphato incorporated in nutrient broth in a concentration 
of 0*01 per cont. in 12-18 hours, whoreas coagulaso-nogativo strains 
liberated phonolphtlialein under these conditions either more slowly 
or not at all. Tho prosont investigation was undortnkon, therefore, 
to boo whether phosphatase production could ho used for tho detection, 
of pathogonic Btaphylococci in young cultures. 

Methods 

Phenolphthalcin diphosphate agar. A stock solution, approximately 0 01 Af, 
was prepared by dissolving 0 5 g. phenolphthaloin diphosphorzc acid m distilled 
water, sterilised by Seitz filtration and storod in a refrigerator. Such a solution 
lias a pH of about 2 0 and is therefore easily hydroljsed. It becomes relatively 
stable, however, when diluted 1 in 5 or more m a buffered medium at pH 7*4. 

A similar solution of tho sodium salt of phenolphthaloin phosphato gave 
equally satisfactory results, and as this is a moro stablo compound it is probably 
moro suitable for routine use Tho calcium salt, however, can not be dissolved 
in tho required concentration. 

Tor the preparation of medium a suitablo quantity of nutrient ngar at 
pH 7 4 was melted and, using aseptic precautions, 1 part of phenolphthaloin 
diphosplioric acid solution was added to 49 parts of molted agar, giving a fmal 
concentration of 0 01 g. phenolphthaloin diphosplioric acid per 100 ml. nutrient 
agar. Tho mixture was poured into Potri dishes, allowed to sot and then dried 
in the incubator. Phenolphthaloin phosphate agar thus prepared could be 
kept and melted for plates or slopes as required. In tho tests hero described, 
the nutrient agar consisted of 1 per cent. Lab Lemco, 1 per cent, peptone, 
0 5 per cent. NaCl and 1*5 per cent, shred agar. A digest medium was shown, 
however, to give similar results. The concentration of substrate is important, 
since, within certain limits, tho rate of liberation of freo pbenolphthalem vanes 
directly with it. Tims with a tenfold increase in substrate a number of coagulase- 
negative staphylococci give positive reactions in 18 24 hours 

Collection and testing of specimens Nasal swabs were taken with broth- 
moistened swabs from the anterior nares of 100 adults, 37 patients, 30 medical 
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students and 27 laboratory staff. The swabs were plated directly on phenol- 
phthalein diphosphate agar plates in the usual way. After overnight (16-18 
hours ) incubation at 37° C., the growth was held over an open bottle of ammonia, 
when colonies producing sufficient phosphatase to liberate free phenolphthalein 
become bright pink, whereas others remain unchanged. Representative colonies 
were selected for further investigation soon after exposure to ammonia, as the 
pink colour fades after some minutes. 

Coagulase tests on colonies selected from all plates were carried out by the 
tube method of Fisk (1940). In a few instances the slide method of Cadness- 
Graves et al. (1943) was also used and gave similar results. 

Results 

When the phenolphthalein phosphate plates were first examined 
after overnight incubation, staphjdococcal pigmentation had not fully 
developed and only a few of the plates showed typical aureus colonies. 
On exposure to ammonia, however, 42 of the 100 plates showed 
phosphatase-positive staphylococci. On a few plates there were 
colonies of coliform bacilli which appeared pink after exposure to 
ammonia, but these were readily distinguished from staphylococcal 
colonies. Figs. 1 and 2 show typical plates. Fig. 1 is a Petri dish 
inoculated on the upper half with a pure growth of Staphylococcus 
pyogenes and on the lower with a pure growth of a coagulase-negative 
staphylococcus. Fig. 2 shows a mixture of coagulase-positive and 
coagulase-negative staphylococci, the former appearing bright pink 
owing to phosphatase production. 

From 1 to 4 phosphatase-negative staphylococcal colonies from 
all plates and 2 phosphatase-positive staphylococcal colonies from 
each of the 42 plates, where these were present, were inoculated 
individually into tubes of Lab-Lemeo broth. The selection of colonies 
was sometimes difficult where there was a heavy growth of phos¬ 
phatase-positive staphylococci, as free phenolphthalein was then 
present in the surrounding medium. This gave rise to a generalised 
pink background, thus causing phosphatase-negative colonies in 
some cases to appear slightly pink. After 6-24 hours at 37 C. the 
broth cultures were tested for coagulase production by the method of 
Fisk, and in most cases retested for phosphatase. 

The staphylococcal colonies picked from the 58 plates showing no 
phosphatase-producing colonies were in all cases coagulase-negative. 
Thus with these cultures there was complete correlation between 
coagulase production and phosphatase reaction. 

From the 42 plates showing phosphatase-positive staphylococci 
160 colonies were selected for the coagulase test; 85 were phosphatase¬ 
positive and 75 were negative or doubtful. Of the S5 phosphatase- 
positive colonies, all but 1 were coagulase-positive. The one coagulase- 
negative culture was retested for phosphatase and again gave a positive 
reaction after 18 hours incubation. Of the 75 negative or doubtful 
colonies, 70 were coagulase-negative and 5 coagulase-positive ; the 
latter 5 colonies came from plates showing a heavy growth, making 
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Pjo. I.— 1 Upper half of ptato; pure growth of Staph, pyogenes (pmk): 
lower half; puro growth of coogulnso.ncgatu o staphylococci. 



Fio. 2 —Culture as from nasal swab showing a small number of pink colonies of Staph . 
pyogenes-»n4 a heavy growth of coagulaso negative (white) Btnphylococci. 

CuKurfca'6f staphylococci grown on nutrient agar plus 0 1 per cent, phenol- 
phthaloin diphosphate for 18 hours and then exposed to ammonia. Phosphatase- 
positivo colonies pink, phosphatase negative colonies white. 



68 


M. BARBER AND S. TF. A. KVPER 


cases retested for phosphatase. All hut 1 of the phosphatase-positive 
colonies tested were coagulase-positive. All persistently phosphatase¬ 
negative colonies were coagulase-negative. 

A few colonies picked from crowded plates gave doubtful phos¬ 
phatase reactions and were coagulase-positive but, on retesting, all 
such colonies gave a positive phosphatase reaction in 18 hours or less. 

Our thanks are due to Sir A. L. Wooding for the colour photographs. 
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TWO CASES OE GIAKT-CELL GRANULOMA 
OF THE PITUITARY GLAND 

I. Doniaoii and E. A. Wright 

Prom the Departments of Pathology of the Postgraduate Medical School of London 
and Guy's Hospital Medical School 

(Plates IV-IX) 

In 1917 Simmonds discovered four cases of a peculiar and unexpected 
granulomatous lesion of tho pars anterior of tlio pituitary gland in a 
series of 2000 post-mortems. Tho glands, of normal sizo and naked-eye 
appearanco, were patchily infiltrated with collections of lymphocytes 
and foci of epithelioid colls and multinuoloatod giant-coils of Lnnghans’ 
typo. No acid-fast bacilli were demonstrated. Tho giant-coils wore 
numerous and sometimes appoared singly, lying amid healthy paren¬ 
chymatous colls. A fow foci showed fibrous rogrossivo changes. Tho 
ages and causes of death of these patients wore 03 (strangulated 
hornia), 73 (arteriosclerosis and cerobral softening), 01 (myocardial 
degeneration and corobral softening) and 50 (myelitis and pyolo- 
nophritis). All wore foinales whoso organs showed no evidence of 
activo syphilis or tuberculosis. In discussing the [etiology, Simmonds 
rulod out syphilis bocauso of the absonco of acquired or congenital 
spocific lesions olsowhero, tho absonco of endarteritis in tho pituitary 
and of inflammatory cells around tho isolated giant-cells, and tho 
atypical histology. He found it more difficult to dismiss tuborculosis 
and admitted that tho absence of acid-fast bacilli was not necessarily 
significant. Although somo of tho cellular collections closely resombled 
miliary tubercles ho thought most of the picture so atypical as definitely 
to rulo out tuborculosis. Some of tho giant-cells appeared to have 
arisen directly from pituitary parenchymatous colls. Ho concluded 
that his cases wore examples of a disease sui generis, possibly resulting 
from tho chronic irritation of altered pituitary secretions comparable 
with tho analogous changes sometimes seen in tho thyroid gland in 
oldorly females. 

In an exhaustive review of the literature on destructive lesions 
of tho pituitary found post mortem, Sheehan and Summers ( 1949 ) 
grouped 18 cases, including Simmonds’s four cases, under the heading 
of “ giant cell granuloma ”. Theso caso reports form a remarkable 
collection. Many of them are difficult to interpret and wo do not 
propose to analyse thorn here. Wo agree with Sheehan and Summors’s 
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summing up (p. 324) that “ The group may include lesions due to 
several (Afferent causes, such as syphilis, tuberculosis, or sarcoidosis, 
u most of the cases appear to be examples of a specific diseaso 
process whose etiology is unknown Oelbaum and Waimvright 

(19o0) have recently described a further case and have come to similar 
conclusions. 


Sheehan and Summers also separated from a very large series of 
chronic fibroid lesions five severe and four moderately severe cases 
of pituitary scarring which they considered to be examples of healed 
granuloma of the anterior lobe. Two of the moderate lesions were 
their own cases and are described in detail. 

Each of the present authors chanced upon an example of giant-cell 
granuloma of the pituitary in the subacute stage, and, having 
independently consulted Professor Sheehan, were encouraged by him 
to place them on record. Though our findings probably further 
obscure the aetiology, we are impressed by their morphological identity 
with Simmonds’s original four cases. 


Case I 

Clinical history 

Airs A. C. first came to Hammersmith Hospital in 1936 at the age of 40, 
complaining of tiredness for two years and attacks of pain in the chest for 
two weeks. She had worked at tailoring from age 14, married at 26 and had 
had two normal pregnancies at 27 and 30 years of age. Her periods, which 
started at 14, were irregular, and often profuse. At 30 she complained of swelling 
at the root of the neck, with cough and huskiness, and was recommended to 
take iodine in milk and to rest for 8 weeks. The symptoms resolved and her 
general health remained good for the next eight years, when at the age of 38 
her menstrual periods ceased abruptly and she began to feel increasingly weak, 
tired and shaky, and suffered from headaches. During the previous two weeks 
she had had attacks of pain in the upper left chest lasting 10 minutes and 
associated with difficulty in breathing and a desire to take a deep breath. On. 
examination she appeared moderately well-nourished, weighing 8 st. 1 lb., 
and fairly calm; pulse 80, blood pressure 130/85. The thyroid gland was 
moderately enlarged, firm and nodular. Urine:— No albumin, no sugar. Blood 
count:—Hb. 12-9 g. per 100 c.c., R.B.C, 5,300,000, W.B.C. 4000, polymorphs 
1200, lymphocytes 2720, large mononuclears 80 per c.mm. Chest X-ray:— 
Trachea not compressed, calcified node in right upper zone, no definite evidence 
of substemal thyroid. Gynaecological examination :—Senile post-menopausal 
uterus. Her symptoms were considered to be due chiefly to home worries ; 
she was reassured and given a bromide mixture. 

She came to hospital again two years later, in 1938, complaining of “ very 
bad nerves ” and loss of weight. Examination showed weight 7 st. 9 lb., but 
otherwise no change in her condition. She was sent on to a psychiatrist who 
considered that she was suffering from a chronic mild depressive condition, 
that the sudden menopause had acted both physically and psychologically in 
increasing her anxiety and depression and that the uterine changes and general 
anpearan.ee suggested premature ageing, both mental and physical. 

She was finally admitted to Hammersmith Hospital in 1939 in coma, having 
been found unconscious in bed at 6 a.m. that morning. She hod been feeling 
off colour the day before. Her arms were in rigid flexion and she made occasional 
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jerkj mov cmcuts of t ho \\ risfs nrul fingore '1 lio lega wore in rigid oxtonsion 
Arm, leg and abdominal rcflovcs were alnont, plantar responses wcro e\tonsor 
Tlio nrino contained ncotono but no sugar Blood pressure 130 nystolic, diastolic 
undeterminable Lumbar puncturo produced clear fluid at 90 mm pressure, 
■rising to 100on jugular compression and dropping to 50 mm after withdrawal 
of 10 c c llio generalised rigidity gn\o wnj to flacnditj and sho died 71 boars 
after admission, lias mg been in coma for not less tlmn 8 nor moro tlinn lb hours 

Post mortem examination 

This \us done 3 dajs after death bj the Into Eh T H Belt, who 
reported as follows 

A pale, thin woman with rather siuikon ojes, weighing G st 0 lb 
Height 5 ft -t m 

The brain bad boon hardened in situ by formol injection the day 
bofoio the postmortem Tho dura was inthei tonso and tho con 
rolutions wore flattened, but tho hemispheres woro symmetrical and 
tliero was no ovidoneo of liacmoiThago Tho brain stom was soft and 
toro on slight manipulation Soctton across tho mid-bram showed 
softemng m tho region of tho substantia nigra on both sides and m 
tho cerobral peduncles Tho cerebral arteries w oro not notably tluckoned 
and no occlusion could bo mado out Tho pituitary was of noimal 
sizo, the thyroid nodular and modorntoly enlargod The appearance 
on section was that of multiple fcctal ndonomata with calcifiod centres, 
ono of these was of walnut size The abdominal aorta showed slight 
roughening around tho mouths of tho intercostal \ essols, with doposits 
of pale pmk staining ( ? platolot) material which could bo scrapod 
away Tho lungs had a slight meaty qualitj in tho lower lobes but 
no definite pnoumoma or pleurisy Oaslro intestinal tract showed no 
notable change Liter (1210 g) pink and friable Spleen (200 g) 
capsule slightly adliorent to diaphragm and showing button like 
plaques of whitish thickening , pulp fairly firm , corpuscles incon¬ 
spicuous Tho adrenals wore small and thin, the cortex being only 
about 1 mm thick The heart (290 g ), Kidneys, ureters, pancreas, 
bladder, uterus and vertebra: showed nothing remarkable Ovaries 
small, white and tough 

Histology 

There were available for study at this dato paraffin blocks and 
slides of various organs and a limited numbor of stained sections, 
including frozen sections stained for fat, but no paraffin blocks, of 
the pituitary or adrenals 

Pituitary, of normal size, shows on horizontal section a crescentic 
pars anterior abutting on the pars nervosa, but enclosed in a thickened 
nodular capsule There is complete disorganisation of the pars anterior 
(fig 1), whose normal alveolar pattern is replaced by loosoly arranged 
degenerate pituitary cells, numerous macrophages and widely dis 
tnbuted multmucleated giant cells, scattered clumps and tubules of 
small acidophil pituitaiy cells, scattered eosinophil and neutrophil 
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polymorphs, lymphocytes and occasional plasma cells, and a few 
collections of lymphocytes (fig. 8). The vessels are normal. The 
tubules are small and foetal-like; acidophils are distributed mainly 
m the lateral masses. The cells which make up the background of 
the whole of the pars anterior vary in appearance. Some apparent 
lymphocytes show, in Mallory-stained preparations, gradations to 
recognisable chromophobes and small acidophils. There are also 
occasional normal-sized acidophils. The majority of the cells are 
finely granular, finely vacuolated mononuclears, many of whose nuclei 
are of the elongated twisted vesicular type seen in epithelioid cells 
(fig. 2). They show a fine granularity with Mallory’s stain, sometimes 
acidophil, mostly basophil. They show every transition to giant-cells 
containing two or more nuclei and are considered to be mostly macro¬ 
phages. The giant-cells are striking (figs. 3-5). They vary in size 
from about 20 to 100 /x in diameter and show from 2 to over 60 nuclei 
in section. Their nuclei, mostly vesicular, are peripherally distributed 
but some may form a central as well as a peripheral ring (fig. 4). 
Most of the giant-cells have finely granular cytoplasm, sometimes 
acidophil, mostly basophil. Some contain cytoplasmic inclusions, 
which are of two types, namely fragments of yellowish, brilliantly 
anisotropic material (fig. 5), and flaky luematoxyphil isotropic material 
resembling inspissated colloid and contained within large vacuoles 
(fig. 3). Frozen sections show a little fine fatty material, both in 
the macrophages and in the giant-cells. Though the macrophages 
are in general distributed haphazard, they show a tendency to bo 
arranged in large follicles in the periphery of the pars anterior (fig. 6). 
The capsule of the pituitary’- contains definite circumscribed follicles 
of epithelioid-like cells both with and without giant-cells. Some of 
the capsular follicles are oval rather than round and are markedly 
hyalinised. Silver impregnation shows an abnormally broken-up 
reticular pattern in the pars anterior (fig. 7), with a slight increase 
in number of fibrils, which are thickened and collagenised in the 
periphery of the gland. The lymphocytic collections lie in the median 
part of the pars anterior (fig. 8). The eosinophil leucocytes, mostly^ 
bilobed, are scattered in moderate numbers throughout. The general 
structure of the pars nervosa appears normal but it contains a few 
small paravascular collections of macrophages, one of them associated 
with a giant-cell. There is quite a large pericapsular collection of 
macrophages and giant-cells over the pars nervosa, possibly replacing 
remnants of the pars tuberalis. The pars intermedia cannot be 
identified (fig. 8) and there are no cysts. The site of the pars inter¬ 
media is occupied by macrophages, giant-cells and chromophobes 
continuous with the anterior lobe lesion. No acid-fast bacilli are seen. 

Adrenals. The cortex is reduced to a travesty, being about one- 
fifth of the normal width and consisting of small alveoli and strands 
of cortical cells rich in lipoid ; pigmented cells of the zona reticularis 
are absent (fig. 9). This zone is separated by condensed reticulin 
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Fig 3 —Para anterior oF cnso 
I Foreign body multi* 
nuclentcd giant cell con* 
turning \ ncuoles nnd flaky 
lixmntoxj plulic inclusions 
If. nnd i: >180 


Fjg 4 — Granular foreign- 
body giant cell showing 
ccntrnl nnd peripheral rings 
of nuclei xlSO 
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Fia 5 —Multmucleatedgmnt- 
cell containing nmsotropzc 
inclusions, pliotograpliod 
through crossed Nicol 
prisms X400. 
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Plvtk VI 
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Fio 0 —Pars anterior of cn«o I Peripherally situated follicle of apparent macrophages 
and giant colls, tho latter containing inclusion bodies and vacuoles. II. and E. 
X 100. 



Fig 7.—Pars anterior of case 1. Reticuhn preparation. Granulomatous area rich 
in giant cells showing an irregular increase in rcticulin fibres but none of tho 
follicular arrangement typical of tuberculosis, syphilis or sarcoid. Gordon and 
Sw pet’s reticulm stain. X180 
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Fig. 8 .—Junction of pars anterior with pars norvosa of case 1. Thero is no rccognisnblo 
pars intermedin. Tho pars nervosa appears normal. Tho pars anterior contains 
n focnl collection of lymphocytes and is mostly replnce<l by lymphocytes, macro* 
plmges and giant-cells. II. and K. xl)0. 
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from an expanded spongy “ medulla ” traversed by a normal central 
voin and its radicles. Thoro aro no rocognisablo medullary colls but 
some of tbo veins aro ctifTod by a narrow rim of lipoid-containing 
cortical colls. Tbo medulla is oxpandod and replaced by macrophages, 
multinuclcntod giant-coils and lymphocytes (fig. 0). Tbo macrophages 
and giant-cells aro sometimes arranged in follicles, which aro also 
presont scattered in tbo cortex, capsulo and pori-capsular tissuo. 
Tbo lymphocytes lie both diffusely scattered and in small collections. 
The picture is almost identical with that soon in the pituitary ; somo 
giant-coils contain anisotropic inclusions, but tbo flaky hamiatoxyphil 
inclusions are not seen. Rcticulin fibres in the medulla aro increased 
and in parts collagotiiscd. No acid-fast bacilli aro seen. 

Thyroid. Tbo gland is broken up into “ adonomnta ” of varying 
morphology, botween which lio small and modium-sized normal thyroid 
follicles lined by cuboidnl opithelium, somo rich, others poor in colloid. 
They appear moderately active ratlior than resting or atrophic. Tbo 
adenomata aro mostly made up of largo colloid-filled follicles lined by 
cuboidal opitholium. Somo of thorn aro partially fibrosod and calcified, 
somo show areas of a microfollicular pattom poor in colloid. Tiioro 
is modornto interstitial fibrosis but no lymphocytic infiltration. 

Ovary. This is fibrotic and rich in anciont fibrosod and hynlinised 
corpora lutea. Tho peripheral stroma still contains a fair numbor of 
primordial follicles, none of which, howovor, shows any sign ofriponing. 

Uterus. Tho myomotrium is atrophic and fibrous, tho ondometrium 
thin and made up of slightly dilated glands lined by non-nctivo cnboidal 
and low-columnar opitholium, lying in a stroma of small, donsoly 
packed hyporchromatic spindle colls. 

Breast. This is made up of coarse fibrous tissuo traversed by a 
reduced number of duet systoms which consist of narrow branching 
tubules lined by flattened opitholium and contain oosinophilic colloid 
material. Tho picture is ono of partial mammary atrophy and fibrosis. 

Pancreas (2 blocks). Islets aro prominent, both in size and in 
number. Liver shows a slight excess of fibrous tissuo and lymphocytic 
infiltration in tho portal tracts. Heart and kidneys show no obvious 
pathological changes. Mediastinal lymph-nodes show intonsc congestion 
and moderate sinus roticulum-coll hyperplasia. 

Spleen. Tho pulp contains one miliary nodulo of fused epithelioid 
colls embedded in a dense roticulin notworlc clustered around central 
hyalinisod collagon, a lesion indistinguishable from a healing miliary 
tuborcle. No acid-fast bacilli aro presont and no giant-coils. 

Lungs. Sections show congestion and oedema, with foci of early 
hremorrhagic bronchopneumonia. Tho terminal bronchioles and 
alveoli in the affected areas aro filled with moderate numbers of 
polymorphs, fibrin and masses of rod colls. 

• Aorta (2 blocks). Tho intima shows patchy thickening by pro¬ 
liferated mucoid connective tissue, the significance of which is not 
understood. Tho media is normal. 
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Brain (5 blocks) and upper cervical spinal cord. 2s T o gross patho¬ 
logical changes seen ; no evidence of softening. 


Discussion of case 1 

The above post-mortem findings throw no direct light upon the 
cause of the terminal coma. Cerebral thrombosis is ruled out in 
view of the normal non-oceluded arteries in the brain and normal 
brain sections. An easily missed lesion of a small branch artery 
would have been unlikely to precipitate a deep and fatal coma. The 
gross disorganisation of the pituitary and adrenals points to an attack 
of hypoglycamiia as a possible basis for the coma, the attack perhaps 
brought on by a respiratory infection on the previous day, when the 
patient was “ off colour.” The bronchopneumonic lesion favours 
this 1 hypothesis but does not prove it, since a deep coma of 16 hours 
might conceivably have provided sufficient time for the lung lesion 
to develop. The earlier phases of the coma were missed ; we do not 
know if it was ushered in with convulsions. The rigidity, the extensor 
plantar responses and the fact that the diastolic blood pressure was 
unobtainable on admission when the patient was in extremis favour 
a hypoglycaemic origin and accord well with Sheehan and Summers’s 
description. 

The patient’s symptoms fall into two categories, one referable to 
the thyroid enlargement, the other to the pituitary and adrenal failure. 
The symptoms of huskiness and cough at age 30 and of attacks of 
pain and difficulty in breathing at age 40, together with the clinical 
presence of a nodular goitre, correlate well with the post-mortem 
finding of an adenomatous thyroid with one walnut-sized nodule 
projecting downwards from the left lobe. The gland would appear 
to have shrunk somewhat during the 2 years before death. The 
symptoms described were probably due to pressure and there was no 
evidence of thyrotoxicity. The abrupt menopause at 38 followed by 
asthenia, shakiness and headaches, points to the pituitary lesion 
being of at least 5 years’ standing. The premature ageing and the 
senile atrophied uterus fill in the liypopituitaiy picture. The presence of 
a number of surviving unripe follicles in the ovary further confirms 
the hypopituitary origin and prematurity of the menopause, since 
the ovary 5 years after a spontaneous menopause should be bereft 
of ova. The adrenal cortical atrophy found at autopsy is typical 
of long-standing hypopituitarism, the degree of which, however, is 
not easy to assess. The sections available show an 80-00 per cent. 
loss of cells of the pars anterior. The great uterine atrophy points to 
total loss of pituitary gonadotropic function, while the degree of 
thyroid survival suggests a non-total loss of pituitary function. The 
progressive loss of weight from 8 sb. 1 lb. in 193G to 6 st. 9 lb. in 1939 
favours a progressive loss of pituitary function during that time. 

The interpretation of the finding of a possible scarred miliary 
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Fio. 10.—Furs nntonor of pituitary of caso 2. Two multmuclcated Riant-coils nro 
lying m diffuse granulation tissuo containing a fow pituitary cells. H. and E. 
XCOO. 



Fio. II.—Pars anterior of pituitary of case 2. 
A largo multinucleatcd foreign-body giant- 
coll with a largo litcmatoxyphilic inclusion 
occupies most of the field. At ono end of 
tho inclusion there is a transparent, lamin¬ 
ated yellowish brown structure. H. and E. 
X900. 



Fia. 12.—Tho same as fig. 11, photographed 
through partially crossed Nicol prisms. The 
anisotropic material corresponds to the 
laminated transparent structure seen in 
fig. 11. 
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tuborclo in tho splcon is difficult. Ono cannot gauge its significance 
in relation to tho pituitary and adrenal lesions, which wore histologically 
almost certainly non-tuborculous. The splenic tuborclo may be 
simply ©videnco that the patient was dobilitated and had suffered a 
recent lighting up of an old tuberculous infection—a not unusual 
post-mortom finding in tho lungs and mediastinal lymph-nodes. The 
naturo of tho giant-cell granuloma is discussed later in conjunction 
with tho findings in caso 2. 

Case II 

Clinical history 

Mr P. K., ngod CO years, n retired policeman, wa* admitted to Guy’s Hospital 
on 17th July 1949 for increasing breathlessness on exertion and increasing 
Iansitudo during tho past year. From timo to time ho hod had pains in tho 
arms, shoulders, lumbar regions and right thigh and knee. Ho said ho had 
lost about 3 stones in weight in tho last two or three years and lug appetite 
was poor. 

Previous complaints included diphtheria at ago 32, scarlet fever at ago 4G 
and, in recent years, a winter bronchitis for which ho had been di&chargod from 
tho police force at ngo 58. Ho had eervod in Franco in tho 1914-18 war and 
in tho Port of London Authority Police from 1919 to 1947. There was no 
relevant family history. 

During tho nino months before admission ho had attended Guy’s Hospital 
out-patient department on several occasions, when ho was found to havo 
hypertension (about 180/130) and occasional slight ccdcma of tho ankles. His 
E.C.G. shewed a loft bundlo branch block, his chest X-ray a hyportrophied 
left ventricle with prominent aorta. Tho crytlirocyto sedimontation rate was 
20 mm. in tho first hour ; hrcmoglobin 70 per cont. 

Shortly before admission ho bccamo breathless while at rest and his heart 
began fibrillating. On admission his temperature w r as 90*5° F., pulse 90 and 
respirations 28 per minute. There was slight ccdoma of tho ankles and tho heart 
sounds wore faint and irregular. Xo veins woro visible in tho nock when ho sat 
up. B.P. 155/93, In tho lungs there were moist sounds at both bases posteriorly 
but no dullness. There was no finger clubbing. Tho liver was four fingers* 
breadth below* tho costal margin. Movement of tho right hip was limited in 
all directions by pam and there w*ero crepitations in tho right knoo. 

He improved with rest in bod and digoxin. Tho pulso fell to 00, tho B.P. 
to 130/85, tho liver became only just palpable and the ankle cedema disappeared. 
On 2Gth July 1949, while washing, ho suddenly collapsed and died immediately. 

Post-mortem examination 

A well-built obese subject with slight cedema of tho ankles. 

The 'pericardial sac contained a little blood-tinged fluid. The 
heart (500 g.) was largo and globular and the left ventricle hypor¬ 
trophied. There were signs of old scarring in tho muscle. All valves 
showed slight atheroma. The left coronary artery was at least three- 
quarters occluded proximally by old calcified and laminated atheroma, 
while its anterior descending branch was completely blocked by recent 
thrombus. The right coronary artery was at least half occluded by 
calcified atheroma. The aorta was markedly atheromatous, 
particularly tho distal part of its abdominal portion. 
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The main bronchi contained an excess of tenacious mucus. Both 
kings (r. 640 g., 1. 510 g.) showed marked congestion and slight oedema. 

The stomach contained a small quantity of undigested food. The 
'mesenteries and peritoneum were heavily loaded with fat. The liver 
{1890 g.) was large but otherwise normal. Bone marrow of sternum 
normal. Both kidneys (r. 130 g., I. 150 g.) were congested and the cut 
surfaces were more granular than normal. There were a few petechial 
haemorrhages in the pelvic mucosa. 

Adrenals, thyroid and pituitary gland appeared normal. 

Brain 1410 g. The basilar artery and the arteries of the circle of 
Wilks showed marked atheroma but there were no abnormalities of 
hrain or meninges. 

Histology 

Pituitary. On vertical sagittal section, the gland is of approxi¬ 
mately normal size and shape. The capsule is thickened by old fibrous 
tissue and in several places infiltrated with lymphocytes : in one 
section it contains granulation tissue. The pars anterior occupies 
approximately 7/Sths of the section. Its normal structure is every¬ 
where largely replaced by granulation tissue elements (fig. 10)— 
lymphocytes, macrophages, giant-cells, fibroblasts (young and old), 
fibrous tissue and a few eosinophil leucocytes. These elements 
intermingle with and separate the proper cells of the pituitary— 
chromophobe, eosinophil and basophil cells —approximately 30 per 
cent, of which remain. Lymphocytes are most numerous. They 
are either diffusely scattered or aggregated in dense, roughly circular 
collections. Macrophages are similarly distributed but in smaller 
numbers. Giant-cells occur singly and in considerable numbers. 
All are of Langhans’ type and contain from 6 to 27 peripherally 
situated nuclei, comparable in size with those of the macrophage cells, 
or much smaller, pyknotic and flattened. Their cytoplasm is pale, 
finely granular and eosinophilic, but more darkly staining around 
the nuclei. The cytoplasm of some of the giant-cells contains a 
yellowish substance which is doubly refractile (figs. 11 and 12), and 
in one there is a laminated, deeply blue-black calcium-like concretion 
(fir,, n). Occasionally it is difficult to distinguish a giant-cell from 
an alveolus (Erdheim gland). Usually these glands are distinguished 
by the homogeneous nature, even under X 950, of their centra) colloid 
and well-defined cell walls. Even so, a doubt sometimes remains 
that a giant-cell structure may have been a degenerate Erdheim 

gland. . , 

The pars nervosa contains several collections of lymphocytes, with 
a few macrophages but no giant-cells. The pars intermedia cannot 
be made out and there are no colloid cysts visible. The stalk possesses 
twelve large thin-walled blood vessels, mainly on the surface. One 
small collection of lymphocytes is seen. There is also a small thick- 
walled arteriole 30 y in diameter on the surface of the stalk, surrounded 
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Flo. 13.—Anterior descending branch of tho left coronary artery of enso 2. The 
lumen is occluded anil tho media replaced by highly cellular granulation tKsuo 
many times tho thickness of tho nonnnl structure. H. and E. X IT>. 



Fig. 14. A lngher*power vio\c of tho artery shown in fig. 13. H. nnd E. x40. 
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by a circular area of granulation tissuo 130 ft in diameter. This 
consists mainly of macrophages and (fervor) lymphocytes. Tho media 
and intima of tho artory aro normal. Where tho stalk joins tho body 
of tho pituitary tlioro aro several small nests of epidermoid colls. 

Coronary arteries. Tho lumen of a largo branch of tho descending 
branch of tho loft coronary is occluded by recent clot laid down on 
an older clot which shows somo organisation (figs. 13 and 14). External 
to this thero is an irregular band of atheroma containing lipoid spaces 
and calcified foci—average thickness 0-fi mm. Outsido this ngain, 
instead of media, tlicro is a band of granulation tissue—average 
thicknoss 2 mm., composed mainly of macrophngo cells, fibroblasts 
and eosinophils, with a fow lymphocytes, plnsma colls and neutrophil 
polymorphs. Elastic staining shows that tho internal clastic lamella 
is grossly fragmented. Tho oxternal elnstic lamella is represented 
only by occasional fragments of elastica. Outsido this there is a 
rather indefinite layer of fibroblasts and collagen fibres surrounded 
by moro granulation tissuo but with a predominance of lymphocytes. 
This inflammatory process spreads into tho adjneont ndiposo tissuo 
(figs. 11 and 12). A small portion of attached heart musclo is largoly 
necrotic. Tho right coronary artory shows similar chnnges but pnrt 
of tho vessel wall has broken down and tho space is filled with recent 
blood clot. 

Liver. Tho sinusoids aro congested and thero is a slight increase 
in tho number of poriportal lymphocytes. Thero aro a fow poorly 
formed giant-coils with 5-11 peripheral nuclei in tho portal tracts. 

Spleen. This organ is congested and thoro is a severe degree of 
rather irregular hyalinisation of its arterioles. 

Adrenals. An artery external to an ndronal shows rocont thrombosis 
and three others an eccontric narrowing by eosinophilic material, 
which also replaces tho media. This does not stain for amyloid. The 
gland itself is congested. 

Kidneys. Theso are much congested. A fow glomeruli nre atrophic 
and fibrosed. Several of the larger arteries show moderato concentric 
intimal thickening. 

Conclusion. Tho cause of death in this enso was coronary 
thrombosis. During life there were no dofinito signs or symptoms of 
hypopituitarism. Symptoms such ns tiredness and loss of appetite 
could bo related to tho increasing heart failure. 


Discussion 

Deductions as to tho nature of the pituitary lesions in theso two 
cases vary according to whether wo analyse the pituitary findings 
alone, or try to fit them in with tho additional findings in tho adrenals 
and spleen in case 1 and in the coronary arteries and livor in case 2. 
Sheehan and Summers wore struck by the appearanco of a tempting 
series of stops between tho granuloma colls and scattered pituitary 
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parenchyma cells, a comment also made in earlier descriptions 
™ e n eould not be certain that the granuloma cells were true histiocytes 
and we agree that the picture may represent a primary unexplained 
breakdown of the pars anterior. But this hypothesis is not easy to 
reconcile with the presence of the additional discrete granulomas in 
the pars nervosa and capsule of case 1 and in the stalk in case 2. 
However, it is conceivable that these might represent a reaction to 
products of destruction diffusing out from the pars anterior. 

Ihe peculiar inclusion bodies must be interpreted with care. 
The anisotropic and haematoxypliikc materials might be products of 
disintegrated pituitary cells. On the other hand, the latter certainly 
resemble the basophilic giant-cell inclusions described by Sckaumann 
(1941) in the tonsils and lymph-nodes in sarcoidosis, and Tillgren 
(1935) illustrates similar bodies in the pars nervosa from a case of 
diabetes insipidus due to sarcoidosis. The sarcoid hypothesis is not 
borne out by the results of reticulin impregnation in our cases. The 
major part of the lesion fails to show the closety-knit network of 
reticulin fibres arranged around clear-cut follicles typical of sarcoidosis. 
In addition, basophilic giant-cell inclusion bodies have been found by 
Schaumann in many different types of granuloma. Recently fresh 
light has been thrown on the non-specific nature of these basophilic 
inclusions by Grier ct al. (1948), who observed them in the lesions of 
beryllium granulomatosis. 

The adrenal lesion in case 1 is most striking and has only once 
before been described in this association (Oelbaum and Wainwright). 
It might be of similar Irypothetical “ infective ” origin to the pituitary 
lesion, but it is hard to see why these two organs and no others should 
have been the seat of election for this major lesion. It might represent 
a hypothetical coincidental primary “ breakdown ” of these two endo¬ 
crine organs. It is more reasonable to suppose that the adrenal 
atrophy resulted secondarily from an absence of supply of adreno¬ 
corticotropic hormone by the necrosed pituitary. The picture differs 
chiefly in its wealth of giant-cells from the classical adrenal atrophy 
of Simmonds’s disease and Addison’s disease. Vines (1949) illustrates 
similar giant cells in a case of primary adrenal atrophy and one of 
Oelbaum and Wainwright’s cases also shows these adrenal changes. 
The tiny splenic collection of epithelioid cells, rich in enfolding 
reticulin fibres and devoid of the inclusion bodies seen in case 1, shows 
little affinity to the above lesions. 

The granulomatous coronary arteritis in case 2 does not appear 
to be connected, histologically or aetiologically, with the pituitary 
lesion, but a search for a possible arteritis in the pituitary region 
showed a small granulomatous focus surrounding an arteriole in the 
stalk. The pituitary lesion, however, is unlikely to be ischaemic in 
origin for apart from the patency of the vessels in all sections examined, 
the D picture is totally different from that seen in any stage of the now 
■well-known ischaemic necrosis described by Sheehan. An aetiologica 
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connection cannot bo disproved. The finding of tho minute 
opitholioid-coll collection in tho liver of caso 2, especially when 
added to tho splonic collection in caso 1, is disturbing. Presumably 
theso findings in random sections represent n wido distribution in tho 
livor and spleen respectively. Unexpected miliary “ tuborcles ” in 
theso organs aro an occasional post-mortom finding but their nppoar- 
ance ditfora so greatly from tho pituitary and adrenal lesions that wo 
aro unwilling to be forced by their presence into a positive diagnosis 
of atypical syphilis, tuberculosis or sarcoidosis of tho pituitary gland. 

Our findings and discussion liavo led to no positivo conclusion as 
to tho (etiology of pituitary giant-coil granuloma. Liko previous 
observers wo are tompted to interpret tho histology in favour of a 
primary parenchymatous necrosis of tho pars anterior of tho pituitary 
rather than a destructive infiltration by an infectivo granuloma, but 
wo aro hold back from full confidonco in this interpretation by the 
finding of granulomatous lesions, admittedly differing in dotailod 
morphology, in other parts of tho body. 

Sommakv 

1. Two cases of giant-coil granuloma of tho anterior pituitary are 
doscribod in dotail. 

2. Widespread granulomatous lesions wore found in other organs 
in both cases. 

3. No conclusion was reached ns to (etiology. Although tubor- 
culosis, syphilis and sarcoid woro all considered, none could bo oithor 
accepted or rejected. 

Wo wish to thank Mr E. V, Wilmot for tho photomicrographs of enso 1, 
and Mr R. S. Morgan for tho photomicrographs and Mr J. F. C. Willder for tho 
sections in caso 2. 


REFERENCES 


Grier, R. S., Nash, P. t and 1948, 

Freiman, D. G. 

Oelbaum, M. H., and Wain- 1950. 

WRIGHT, J. 

SOIIATFMANN, J.1941. 

Sheehan, H. L., and Summers, 1949. 
V.K. 

Simmonds, M.1917. 

Tillgren, J. 1935. 

Vines, H. W. C. 1949. 


J. Itidust, Hyg. and Toxicol ,, xxx, 
228. 

J. Clin. Path,, iii, 122. 

Acta vied. Scand., evi, 239. 

Quart. J. Med., xviii, 319. 

Arch. path. Anat., ccxxiii, 281. 

Brit. J. Dermat., xlvii, 223. 

Green’s Manual of pathology, Lon¬ 
don, 17th ed., fig. 517, p. 8G9. 








615.9 : 547 • 564.5 (y-rutrophenyl diethyl thiophosphate) 

POISONING BY P-NITROPHENYL DIETHYL THIO¬ 
PHOSPHATE (E.605): A CONTRIBUTION TO THE 
STUDY OF ANTICHOLINESTERASE COMPOUNDS 


P. A Df.sz 

Medical Research Council Unit for Research m Toxicology, Serum Research 
Institute , I Voodmansteme Jtoad, Carshalton, Surrey 


(Pistes X and XI) 

This paper describes the pathological changes in rats poisoned by E 005 
(p mtrophonyl diethyl tlilophospliato) The synonym, Parathion, 
widely used in the United States, has tho disadvantages of being a 
trade name and of lacking comploto specificity. Tho identification 
number, E 005, was used by Schrader (1947), who first prepared tins 
compound, and is tho symbol by which it is know n in this country. 

E G05 is characterised by its power to inhibit cholinesterase 
(DuBois et at , 1949), and a numbor of related compounds share this 
property One of those, dusopropyl fluorophosphonate (9 F P.), has 
beon extensively used m physiological research and two others, 
tetraethyl pyrophosphate (T E P P ) and hoxnethyl totrpphosphato 
(H E T P ), have boon tried therapeutically m man for the treatment 
of post operative paralytic ileus and myasthenia gravis E 005 is 
a relatively stable and highly potent insecticide, particularly effective 
against apluds, and its increasing use in agriculture has shown the 
need for further information on its mammalian toxicity. 

Methods 

More than 160 adult male and female albino rats (vt 150 200 g ) of mixed 
origin were used E 605 was dissolved in ethyl alcohol, ethyl lactate, propylene 
glycol or arachis oil before injection A micrometer syringe was used and tho 
size of tho inoculum never exceeded 0 2 c c Tho toxicity of E 605 vanes with 
different samples, the ED 50 ranging from 10 to 15 mg per kilo This 
inconsistency can be attributed at least in part to the varying proportions of 
stereo isomers of differing toxicity in the samples Subcutaneous, intra\ enous 
and intraperitoneal routes wero used for injection Prolonged poisoning was 
induced by repeated injections of E G05, using the clinical state of the animal 
as a guide to dose and frequency of injection The usual procedure was to give 
a dose of one half the LD 50 dose and subsequently to inject one tenth the 
ED 50 dose whenever symptoms disappeared Prolonged poisoning was also 
induced by incorporating E 605 in the diet 

Tissues taken at post mortem ■were fixed in a \ariety of fixatives depending 
on the histological method to be employed Ueidenhain’s Susa was tho routine 
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fixative, but Helly’s and Camoy's fluids and formol-saline were also used 
Tissues were paraffin-embedded. Ehrlich’s acid-hematoxylin and eosin was 
> aaed as a routmo stain and was the only method used for lung, striated muscle 
heart muscle, thyroid, adrenal, pituitary, ovary and testis. For other tissues 
additional staining methods were employed. The salivary and lachrymal glands, 
pancreas and other organs of the digestive system were fixed in Susa or Helly’s 
fluid and stained by toluidin blue, Lillie’s modification of Giemsa, Heidenhain’s 
azan, Mayer’s mucicarmine, McManus’s periodic acid leucofuchsin technique 
and a combination of Weigerts’s iron haematoxylin, Altmann’s aeid-fuchsin 
and aurantia. Bowie’s modification of Bensley’s neutral gentian method was 
used to examine the islet tissue of the pancreas. Lymphoid tissue was stained 
by Lillie s modification of Giemsa. Heidenhain’s azan was used for the kidney, 
and the liver was stained with toluidin blue and Best’s carmine. In the 
examination of the Harderian gland, frozen sections were cut after formol-saline 
fixation and gelatin embedding. These were stained for fat with Sudan IV. 

The brain and spinal cord were fixed in Camoy’s fluid. Special precautions 
are necessary to obtain adequate fixation of the spinal cord in rats. After 
several trials the following procedure was adopted. Immediately after death 
the spinal column was opened in the cervical and lumbar regions and Camoy’s 
fluid was injected through the cervical opening until the fixative ran out un¬ 
coloured from the lumbar opening. At least 30 c.c. of fixative were used. 
The whole bony column with the cord in situ was dissected free from the 
musculature and immersed for one hour in Camoy’s fluid. The hardened cord 
was then dissected free from the vertebral column and placed in fresh Camoy 
for a further five hours. If these precautions are not observed, chromatolysis 
and oedema of the anterior hom cells are commonly found in both experimental 
and control animals. 


Experimental observations 

Symptoms 

Within a few minutes of the subcutaneous injection of a lethal 
dose of E.605 the demeanour of the animals is changed. They sit 
quietly, hunched up, ruffled and apprehensive. Salivation commences 
and is evidenced by repeated swallowing and by grooming of the 
whiskers. The condition progresses and the animals are prostrated. 
After ten minutes the rat lies full length on its belly with extended 
head and flexed limbs. Eine fibrillary twitchings give the rat’s coat 
a peculiar shimmering effect. Occasional coarse tremors interrupt 
the twitchings and shake the animal violently from side to side for 
a few seconds before it subsides again on to the floor of the cage. 
Chattering of the teeth is clearly audible. Salivation is excessive, and 
unswallowed mucinous saliva surrounds the mouth and nose. Lachry- 
mation, exophthalmos, mucous diarrhoea and the frequent passage 
of small amounts of urine are other symptoms that develop within 
ten minutes of the injection of E.605. Respiration is embarrassed 
and noisy and the animal may extend its neck and forelimbs in a 
jerky manner in forced respiration. Death is usually sudden and is 
■preceded by severe coarse tremors. Death may occur at any time 
from a few minutes to several hours after the injection. If the animal 
survives, the symptoms slowly decrease in severity and after a few 
hours there is complete recovery. Although apparently normal it 
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is now, however, highly suscoptiblo to E.605, and a very small tloso, 
which would bo without oflbct on a fresh animal, will provoko sovoro 
symptoms and oven death. 

By giving a sorios of injections or by adding E.G05 to tho diet 
tho rat may bo rondored chronically ill, with symptoms which include 
tremors, diarrhoea and salivation for poriods up to sovornl weoks. If 
tho symptoms aro prolonged beyond a fow hours tho condition of 
chromodacryorrhcea—tho sliodding of pink tears—is a constant 
foature. Theso dry and encrust around tho protruding oyos or fall 
on tho coats of tho cage matos, which thon take on a brownish-red 
tingo. Theso inoro prolonged symptoms do not provent tho animal 
from eating and moving about its cago. 


Post-mortem findings 

In acute poisoning twitching of both musclos and limbs continues 
up to 30 minutos aftor death. Rigor mortis is slow in onsot. The 
hair around tho mouth and nose is matted with mucus and often 
red crusts lino the oyolids. Tho trachea contains a slight excess of 
mucus; tho lungs aro oxpanded and hyper.'cmic. Tho hoart is in 
ventricular systolo and the vossols aro normal. Tho stomach is often 
contracted but usually contains somo food. Tho small and largo 
intestino contain only bile-stained fluid thickonod with mucus. Tho 
intestino is often contracted, but intussusception and volvulus have 
not beon soon. There is no hremorrhago or ulceration in stomach or 
intestine. Tho pancreas is conspicuously pink and tho same tinge 
may bo seen in tho parotid glands, but tho other salivary glands and 
the orbital glands aro macroseopically normal. The liver may be 
congested. The kidneys and adrenals aro normal and tho bladder 
is empty. Tho lymph nodes and thymus are normal but the spleen 
is contracted and bright rod. The vessols of tho meninges are congested, 
but no gross change can bo seen in the brain or spinal cord. 


Histological findings 

The occurrence of recognisable anatomical lesions depends on 
the severity and duration of symptoms. If a large dose of E-C05 
of the order of ten times tho LD50 dose is given, death occurs within 
tliirty minutes and no histological changes can be detected. The 
more highly active anticholinesterases—tetraethyl pyrophosphate 
(T.E.P.P.) and E.600—produce symptoms of onfy about hatf-an- 
hour’s duration and again no lesions are produced unless the symptoms 
are prolonged by repeated injections. If symptoms persist for more 
than three or four hours, structural changes occur. These are found 
particularly in the salivary and lachrymal glands and in the acinar 
portion of the pancreas, but there is a difference in tho ease with 
which lesions can be produced in different glands. Changes are most 
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easily induced in the lachrymal and submaxillary glands and much 
less readily and less consistently in the parotid glands and pancreas. 
0 langes in the spleen and thymus are found only when symptoms have 
persisted for some ( days. The histological changes in the salivary and 
lachrymal glands and in the pancreas produced by prolonged poisoning 
of several days’ or weeks’ duration are the same as those occurring in 
acute poisoning when symptoms have lasted for three or four hours. 

The gross anatomy of the salivary and orbital glands of the rat 
has been described by Greene (1935), and the comparative histology 
of the salivary glands by Krause (1921) and Stormont (1932). Pekete 
(1941) has given a very complete account of the normal histology of 
the salivary and orbital glands in the mouse, hut there is no corres¬ 
ponding account of the normal structure of these glands in the rat. 
The normal histology of the different glands is therefore discussed in 
sufficient detail to enable a comparison to he made with the glands 
of poisoned animals. 

Submaxillary glands. These are two prominent structures in the 
ventral cervical region in contact along the mid-ventral line from the 
level of the hyoid hone almost to the manubrium stemi. They are 
compound tubulo-alveolar glands divided into a number of lobules 
by connective tissue septa. They have been described by Banrier 
(1886) and Loewenthal (1893-94) as serous, and Honda (1926-27) has 
reported the presence of some sero-zymogen cells. Stormont (1932) 
has described the alveolar cells as special serous cells differing from 
the sero-zymogenic type and both cytologically and functionally 
ill defined. As yet there is nothing to add to Stormont’s summing up. 

The duet system is extensive. The main duct, lined by pseudo- 
stratified columnar epithelium, and the interlobular ducts, lined by 
columnar epithelium, are unaffected in prolonged E.605 poisoning. 
The intralobular ducts are striated tubules lined by rodded epithelial 
cells. They have centrally located nuclei with basal cytoplasmic 
striations radially arranged. The intralobular ducts diride into 
terminal tubules lined by tall columnar epithelial cells which protrude 
into and appear to fill the lumen. These cells have basal nuclei, often 
flattened, and a large amount of cytoplasm which stains with eosin 
to a variable degree. Some of the cells contain granules and probably 
correspond to the sero-zymogen cells described by Honda. In E.605 
poisoning the number of granules increases greatly, all the cells of 
the terminal tubules and many of those of the intralobular ducts 
becoming distended with them. These granules are best stained 
by Altmann’s acid-fuchsin. 

At the same time changes are found in the alveoli. The special 
serous cells which form the alveoli are pyramidal in shape, with a 
large oval darkly-staining nucleus near the base of each. The cyto¬ 
plasm is basophilic, with concentration of basophilic material towards 
the base of the cell. The cytoplasm does not contain any zymogen 
granules. In E.605 poisoning there is early and slight reduction m 
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Fio 1 —Submaxilhrj glind of male rat, 1 illotl after 3 aubcutaneoiis injections daily 
for 2 days of E (505 in nmchis oil Collapse of alveolar struct tiro and \ncuola 
tion of alveolar epithelium Increase m granules in tubules. Vltmann’s acid 
fuchsin X470 



Fio 2 —Submaxillary gland of a normal malo rat for comparison \\ ith fig 1 The 
dimensions of the normal aH eoh and tubules aro shown The presence of granules 
m some of the tubular cells is illustrated Altmann s acid fuchsin Y 470 
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cytoplasmic basophilia. Vacuoles appear in tlio cytoplasm, first in 
isolated colls, then in groups of colls : finally every cell is involved. 
Tho alveolar structure collapsos and the shrunkon alveolar colls 
become packed together. Tlio alveolar tissuo becomes rcducod 
rolativoly to tho tubular part of the gland, which is now prominent 
and strongly fuchsinophilic (fig. 1; cf. fig. 2). In such glands post¬ 
mortem autolysis is rapid and accentuates thoso changes. 

Major sublingual glands. Thoso aro paired structures closoly 
applied to the antero-latoral surfaco of tho submaxillary glands and 
made up of a singlo lobe divided into lobules by connective tissuo 
septa. They aro mucous glands and are stimulated to very nctivo 
secretion by E.OOo. Tho only histological chango is a slight decroaso 
in depth of staining of tho mucin within tho colls. Muous can bo scon 
within tho ducts but tho duct epithelium is unnltcred. 

Parotid glands. These glands spread diffusely on eithor sido ovor 
tho vontro-latoral surfaco of tho neck and reach tho shoulder. Each 
consists of a numbor of elongated tubules. Thoy nro scro-.zymogcnic 
glands similar to tho acinar portion of tho pancreas. Tho serous colls 
of tho secretory alveoli aro pyramidal and thoir basal cytoplasm is 
strongly basophilic, with vertical strintions. Tho nucleus is round 
or oval and relatively largo, and on tho apical sido of tho nuclous 
coarso zymogon granules fill tho coll. In E.G05 poisoning there is 
loss of both basophilia and zymogen granules. Tho colls shrink and 
the acini becomo deformed, and small vacuoles appear in tho cytoplasm. 
Many nuclei becomo pyknotic and hyporchromatic. As a result of 
these changes tlioro is loss of definition of tho nlvcolar cells and tho 
xegular glandular pattern is also lost (fig. 3). Tho duet opitholium 
is ontiroly unaffocted. Theso cliangos aro produced only aftor pro¬ 
longed and sovero poisoning and aro always less marked than thoso 
in the submaxillary gland. 

Lachrymal glands. Each lachrymal gland consists of two soparato 
parts. Tho intra-orbital gland is a small triangular structure covoring 
tho posterior angle of tho orbit bonontli a connective tissuo sheath. 
Tho extra-orbital gland is a woll-dofined discoid structure lying bolow 
and slightly in front of the ear and close to tho anterior border of tlio 
parotid gland. Both parts, although anatomically soparato, aro 
histologically identical. Thoy aro tubulo-alvoolar in structure and 
composod of small lobes divided into lobules by fibrous tissuo. Tho 
ducts are lined by low cuboidal epithelium lacking basal strintions. 
The alveoli are large and loosoly arranged and tho componont cells 
are also large and bulging, and variablo in shape. They are columnar 
pyramidal or hour-glass shaped and thoir nuclei are largo and 
prominent, with a well-defined nuclear mombrano and one or more 
nucleoli. Large nuclei and double nuclei aro common. Tho cytoplasm 
is strongly basophilic and contains somewhat ill-defined basophilic 
granules. In E.G05 poisoning thoro is no obvious chango in tho 
degree of basophilia, but vacuoles appear in tho cytoplasm (fig. 4 ). 

3. PATH, BACT.—VOX- LXTII _ „ 
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They are most frequent in the apical portion of the cells, where they 
are often multiple. They are also found in the basal region and may 
even involve the nucleus. The cells tend to shrink, with the appearance 
oi better-defined lumina, and the large nuclei disappear. As a result 
there is greater uniformity of cellular structure except where the 
vacuolation has progressed to produce hydropic degeneration of cells 
or groups of cells. Minor degrees of vacuolation are not uncommon 
in normal rats that have been killed by chloroform inhalation but 
it is rare in rats killed by stunning. 

Harderian gland. This is a large horse-shoe-shaped gland lying 
behind the eyeball and almost completely encircling the optic nerve. 
It produces the red tears that are a feature of E.605 poisoning. It 
is a tubulo-alveolar gland, and both tubular and alveolar cells are 
extremely pale-staining, with absence of basophilia and very little 
affinity for acid dyes. But the appearance of frozen sections stained 
with hsematoxylin and neutral red is striking. The cytoplasm is 
completely filled with secretory granules of a lipoidal nature. Small 
pale round nuclei lie at the base of the cells. In poisoning with E.605 
there is evidence of increased secretion. The alveoli and ducts become 
filled with fat globules outlined by brownish granular material, which 
is the precipitated porphyrin responsible for the red colour of the tears. 
There may be some slight reduction in the depth of the cells, with 
corresponding widening of the alveolar and tubular lumen, but there 
is no reduction in lipoid granules in the residual cytoplasm. There is 
no change in the duct epithelium. 

Pancreas. The first change in the pancreas in E.605 poisoning is 
a reduction in the number of zymogen granules in the acinar cells. 
Before this reduction has become extreme, vacuoles appear. They 
are round and clear, and range from 1 to 10 p in diameter. They 
may occupy any part of the cytoplasm, but are more frequently 
apical than basal. A single cell may contain several small vacuoles. 
In some cases vacuoles are present in all the acinar cells ; in others 
they occur in foci involving several groups of cells (fig. 5). When 
focal in distribution they are frequently confined to the area 
immediately surrounding an islet of Langerhans. There is a tendency 
in this region for the zymogen granules to persist, so that vacuoles 
are found in acinar cells which also contain many zymogen granules. 
The pancreatic ducts are unaffected and the islet tissue is normal 


in all respects. 

Intestinal canal. The squamous epithelium which fines the cardiac 
end of the rat’s stomach is unaffected in E.605 poisoning. Of the 
columnar epithelium, with many glandular elements, which lines the 
pyloric end, only the mucus-secreting goblet cells show signs of 
increased activity. The gastric mucosa is coated with mucus, winch 
still stains strongly in the goblet cells. The duodenum, ileum and 
large intestine are empty and the mucosa is coated with mucus. The 
goblet cells stain strongly for mucin and seem to be unaffected by 
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their increased socrotory activity. No nlcors, liremorrhagos or nocrotic 
lesions aro scon in oitlior stomach or intestine. 

Lymphoid tissue. Tho spleen, thymus, and abdominal, thoracic 
and cervical lymph nodes wore examined. No changes aro found in 
ncuto poisoning with E.G05 whoro symptoms hnvo lasted less than 
four hours. In prolonged poisoning of 3 or 4 days’ duration the 
spleen shows a rolativo reduction in whito pulp. Lymphocytes aro 
diminished in number and nuclear debris appears in tho germinal 
centres, which later becomo empty and acellular. After prolonged 
poisoning lymphocytes disappear from tho rod pulp also, leaving 
bohind tho roticulnr and fibrous tissue. In tho thymus tho changos 
produced by prolonged poisoning ailoct particularly tho cortical 
lymphocytos. Horo the reduction in tho number of lymphocytes may 
bo so great that tho distinction botwcon cortex and medulla is lost, 
oxcopt in oxtromo cases whoro tho lymphocytos aro moro donsely 
packed in tho medulla than in tho cortex, a reversal of tho normal 
picture. No consistent changes aro found in any of tho groups of 
lymph nodes. 

Other tissues. These can bo considered ns a group based on tho 
slight or nogativo findings rathor than on any particular anatomical 
basis. Tho lungs do not show any marked change. Capillary con¬ 
gestion is usual, with minor degrees of oedomn nnd some associated 
collnpso. In somo cases tho bronchial nnd bronchiolnr mucosa is 
much folded, suggesting anto-mortom spasm. This finding, howover, 
is inconstant and inconclusive. Tiio livor does not show any patho¬ 
logical change. After a single injection of an LD50 doso of E.GO5 
tho liver glycogen disappears completely and does not reappear in 
tho liver of survivors until they havo completely recovered symptom¬ 
atically. Tiio thyroid, pituitary and adrenal glands, oxaminod only 
aftor routino staining with luematoxylin and eosin, show no lesions 
or abnormalities of any sort. The kidneys, bladder, ovaries, testes, 
brain, spinal cord, heart muscle, smooth muscle nnd striated ( skeletal ) 
muscle present normal histological appearances. The myoneural 
junctions, examined by tho gold, silver and mothylene blue methods, 
show no consistent changes in tho poisonod animals. 

Discussion 

In E.C05 poisoning, whetlior acute or prolonged, and indeod in 
poisoning by other agents with anticholinesterase activity, most of 
the important organs of the body are froe from well-defined patho¬ 
logical lesions which can be hold accountable for tho death of the 
animal (see also Forssling, 1948, Jones and Landing, 1948, DuBois 
et al ., 1949). On the other hand, changes in the exocrine glands are 
a constant feature of prolonged E.G05 poisoning. Similar changes 
have been described before in other conditions. Beattie and McDonald 
(1933) found that a single injection of acetylcholine produced small 
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cytoplasmic vacuoles in the cells of the lachrymal glands of cats, 
v acuolation of the acinar cells of the pancreas has been produced 
by the injection of pilocarpine (Mourefc, 1895), by electrical stimulation 
of the vagus (Babkin et al., 1909) and by repeated injections of 
acetylcholine (Leblond and Sergeyeva, 1944; Tucker, 1948). The 
persistence of granules in the acinar cells lying immediately around 
the islets to form halos of unexhausted cells has been described 
occasionally in the normal pancreas (Jarotzky, 1899 ; Dale, 1905), 
and Sergeyeva (1938) has shown that this condition can be induced' 
by vagal stimulation. 

Hillarp (1949) has produced changes in the submaxillary glands 
of rats by sympathetic stimulation and by provoking intense secretion 
by feeding on dry wheat starch. He describes shrinking of the 
alveolar-cell acini and some vaeuolation, but found a reduction in 
granules in the tubular part of the submaxillary gland. 

Ehrieh and Seifter (1948) have described changes in the salivary 
glands and pancreas of rats following the injection of colchicine and a 
number of other compounds. They attributed these changes to the 
so-called alarm syndrome, which is part of the adaptation syndrome 
of Selye (1946), a syndrome embracing also chromodacryorrhoea and 
lymphoid hypoplasia. In view of the similar changes produced by 
prolonged E.605 poisoning it is possible that the conditions found by 
Ehrieh and Seifter may be due to the excessive production or 
accumulation of acetylcholine. If this could be established it might 
then he possible to define more specifically some aspects of the alarm 
reaction. 

The extent of the changes described in the lymphoid tissue is 
difficult to assess because these tissues are extremely variable in 
apparently normal animals. But the changes seen in the thymus 
and spleen in E.605 poisoning are both consistent enough and severe 
enough to be attributable to the action of E.605. Similar changes 
have been described by Jones and Landing (1948) with two phosphine 
oxide anticholinesterases, hut they found in addition marked lympho¬ 
cytic degeneration and hypocellularity in the regional lymph nodes 
and Beyer’s patches of the intestine. They compared these findings 
with those produced by nitrogen-mustard vesicants which, as 
Thompson (1946-47) has shown, can also inhibit cholinesterase activity. 

Ghromodacryorrhcea and the histological evidence of hyper¬ 
activity of the Harderian glands are interesting features of E.605 
poisoning. The shedding of red tears by the rat was first described 
by Ereud (1933) following the injection of muscarinic drugs, and 
Tashiro et al. (1940) showed that red tears also result from the intra- 
peritoneal injection of acetylcholine. Thompson demonstrated that 
chromodacryorrhoea develops two or three days after the application 
of vesicants such as mustard gas and nitrogen mustard, and attributed 
this action to the inhibition of cholinesterase activity at cholinergic 
nerve endings. Burgen (1949) has developed a test in which the 
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appearanco of red tears in rats is used as a moans of assessing tlio 
potency and duration of action of anticholinestoraso drugs. Tho red 
pigment in tho tears is probably tho porphyrin found in tho Hardorian 
glands of rats by Dorrion and Turcliini (1924). The chiof component 
is a protoporphyrin (Fischer and Orth, 1937 ; Towbin cl al., 1945) 
but McElroy et al. (1941) describe a coproporphyrin as a second 
component. 

A consideration of tho pharmacological action of acetylcholine 
enables one to prodict most of the findings in this papor, although 
other changes also might reasonably havo boon oxpocted. Intus¬ 
susception and volvulus havo been produced in young guinoa-pigs by 
the injection of pilocarpine (Flory and Allen, 1949) but havo not 
been observed in rats subjected to prolonged poisoning by E.605. 
Gastrio and intestinal ulcoration has boon looked for but not found. 
ICoppanyi (1948) has suggested that acotylckolino poisoning might 
produce haemorrhages in tho grey and white matter of tho central 
nervous system, accompanied by neurone depletion, difTuso gliosis, 
and tho formation of glial nodulos and scars. This is in lino with 
the present tendency to extend tho scopo of tho action of cholinesterase 
and to consider its relation to tissuo oxidation. In E.C05 poisoning, 
no lesions of any kind wore found in tho brain or spinal cord. 

The histological changos produced by E.605 seem to result from 
tho action of acotylcliolino liberated at cholinergic nerve ondings and 
persisting in tho absence of the specific enzyme which normally in¬ 
activates it. But the dovolopment of pathological losions and their 
severity are dependent on the duration of symptoms of E.605 
poisoning. When largo doses are given, death occurs within thirty 
minutes and histological changes are not found. With more highly 
active anticholinesterase agents such ns tetraethyl pyrophosphate 
(T.E.P.P.) and E.600, symptoms appear quickly and, if death is 
not immediate, rapidly disappear without leaving any histological 
changes. Lesions in the pancreas and salivaiy glands are found 
only when the action of E.605 is prolonged for at least three hours. 
Other workers have met with similar difficulty in producing lesions 
by the injection of acetylcholine or by vagal stimulation. Injections 
of acetylcholine must be repeated at ton-minute intervals for several 
boms and the vagus must be stimulated continuously for some hours 
before vacuolation of the pancreas occurs. 

Summary' 

1. Bats poisoned with E.605 and surviving for at least 3 horns 
show the symptoms of laohrymation, excessive salivation, chromo- 
daciyorrhoea, muscular weakness, diarrhoea and embarrassed 
respiration. 

2 . The most constant pathological finding in animals dying after 
three hours is in the submaxillary glands, where the acinar cells of 
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the alveolar portion are vacuolated and shrunken and th ecells of the 
tubular portion filled with eosinophilic granules. 

3. Vacuolation also occurs in the parotid and lachrymal glands 
and in the acinar portion of the pancreas. The sublingual and 
Harderian glands show evidence of increased secretory activity but 
no degenerative changes. 

4. The thymus and spleen are depleted of lymphocytes but the 
lymph nodes are normal. 

5. The changes are attributed to the inactivation in the body of 
cholinesterase by E.605, with resulting accumulation of acetylcholine 
at cholinergic nerve endings. 

I wish to thank Dr J. M. Barnes and Professor G. R. Cameron, F.R.S., for 
their advice during the course of this work and for their criticism of the 
manuscript. 
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f 1 per cent, trypan blue being given intravenously. The rabbit appears to 
be about one-half as sensitive as the rat, so that a substance having an end-point 
v. A m “ xe ^ atter animal will show its final response at 1 ; 10,000 in 

the former. The permeability response, as evidenced by a patch of bine 
!! !!'' at ' 0!1 * n tile 8 * cin ’ begins in 2-3 minutes and reaches its maximum in 
^.0-30 minutes, when it is read. In control experiments 0-9 per cent. NaCl 
freshly prepared by diluting stock 9 per cent, saline 2 in 10 was injected intra- 
dermally. 

Leucocytic emigration was likewise demonstrated by the method of Menkin. 
Eats were again used but no dye was administered. The abdomen was shaved 
under anaesthesia and the test solution injected intradermally. Thirty minutes 
later the animal was killed and the piece of skin cut out, fixed in Zenker’s fluid, 
cut in paraffin and stained with Ehrlich’s hiematoxylin and eosin. A positive 
response was taken as unmistakable polymorph emigration shown by the 
leucocytes passing between the endothelial cells and by their presence clustered 
around the vessels. Although emigration was confined to polymorphs, some 
lymphocytes and monocytes were often found in the vicinity of the involved 
vessels. 

The third biological effect of the preparations studied, swelling of the capillary 
endothelium, was demonstrated in the same sections. This phenomenon, 
although not stressed by previous workers, was usually well marked in the 
material of this investigation. Estimation of both these properties is only 
roughly quantitative. 

The peptic digest of fibrin was prepared by the method of Cullumbine and 
Eydon, the digestion mixture being brought to pH 2 before incubation for 
3 hours at 37° C. and the fibrin being triturated with small quantities of water 
before digestion to facilitate its suspension. Deproteinisation with acetone 
and pyridine was carried out according to the directions of the same authors. 
B.D.H. blood fibrin and Benger’s pepsin 1 in 10,000 were used. 

Charcoal adsorption and elution were also performed by the method of 
Cullumbine and Eydon. Puller’s earth adsorption and elution were carried 
nut by the method of Duthie and Chain except that acetone/pyridine deprotein¬ 
isation was substituted for the first pressure filtration and centrifugation for 
the second. Trypsin digestion was carried out with B.D.H. crude trypsin 
powder. 

Paper partition chromatography was performed by the techniques of Gordon, 
Martin and Synge as modified by Dent (1947). Electrodialysis was undertaken 
in a four- or five-celled apparatus made from a perspex cylinder by Mr A. W. 
Hemmings of the department of chemical pathology, the cells being separated 
by membranes of cellophane or formalin-hardened parchment. Ionoplioresis 
was carried out in a trough of the typo described by Consden et ul. (1940), with 
lead electrodes and glass-wool packing instead of silica gel, the apparatus being 


kindly supplied by Miss Nicholas, 

Hydrolysis of peptides to the amino-acid stage was performed by adding an 
equal volume, generally 1 ml., of concentrated HC1 to the test solution and 
heating at 100° for 36 hours in a boiling tube fitted with a cold finger. Free 
ammonia nitrogen was determined with Nessler’s reagent and total nitrogen 
by the micro-Kjeldahl titrimetric technique as described by Hawk et al. (1947). 
Chain lengths of the peptides were determined by free amino-nitrogen deter¬ 
minations before and after acid hydrolysis (Winnick, 1944) The nitrous-acid 
and ninhydrin-C0 2 methods of Van Siyke were used. In the former a correction 
was made for ammonia present in the preparations by determining free ammonia 
nitrogen by the direct Nessler method and then estimating the pressure of 
nitrogen gas yielded by this quantity of ammonia by reference ^lio presare 
yielded by a known solution of ammonium sulphate on submitting it to h 
nitrous acid procedure. In every case the free carboxyl nitrogen of the ac.d 
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hydrolysates was determined by tlio ninhydrin-CO s method (Van Slyko el at ., 
1941) and found to agreo with amino nitrogen determined by tho nitrous-acid 
metliod (Van Slyko, 1929) niter tho ammonia nitrogen correction had been 
made. 

Results 

The ftermeabilily response 

Menkin (1937) found that whereas his extracts gavo a homogeneous 
patch of dye-staining in tlio permeability tost, histamino gave a 
ring-like response. In tho rat, dropping tho concentration of histamino 
to below tho 0-05 per cont. mark replaces tho ring rcnction given by 
higlior concentrations with a patch rosponso. Moreover, when tho 
partially purified poptido material is increased in concentration to 
abovo 1 per cent, tlio ring typo of dyo staining makes its appoaranco. 
Indeod, it is possible to obtain by oloctrodialysis a fraction of the 
peptide mixture utilisod in this investigation which givos a ring typo 
of response all tho way down to concentrations of 0-05 por cont. 

The effect on permeability of glutathiono, adenylic acid, creatine, 
crystalline penicillin “ G ” and pepsin was also tostod. At concen¬ 
trations of 1 por cent, vasoconstriction and blanching occurred, 
sometimos followed by a dolayod and faint ring-liko zone of dye 
staining. At concentrations of 0-1 per cent., no response of any 
kind could bo detected. Irritants such as acotono, pyridine, turpontino, 
suiphonated alcohol (" Teopof ”j and 0-2 A ,T sodium hydroxide gave 
a similar constrictor responso ; at dilutions ranging from 1 to 0-1 por 
cent., no reaction was visiblo. This contrasts with partially purified 
peptide preparations which under tho same conditions yielded a 
well-marked increaso in capillar) 7 permoabilitv at concentrations of 
0-005 per cent. 

Attempts at purification of peptic digest of fibrin 
by adsorption 

The crude digest was adsorbod and eluted off charcoal as described 
by Cullumbine and Rydon, but no purification could bo achieved, the 
activity of the starting material usually being distributed equally 
between the non-adsorbed residue and two or three of the fractional 
eluates. Charcoals employed consecutivoly were B.D.H. activated 
charcoal, Light’s activated charcoal with and without preheating 
in a crucible, and “Norit ”. Tho crude digest was then adsorbed and 
eluted with B.D.H. adsorption fuller’s earth. The observation by 
Duthie and Chain that the active material was almost quantitatively 
adsorbed was confirmed, but elution yielded only a small quantity 
of partially insoluble material only slightly more active than the 
original digest. It was found that the ammonia and pyridine eluates 
were of approximately equal activity, in contradistinction to the 
results of Duthie and Chain, who found the bulk of the activity in the 
latter fraction. 
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Fig. 1.—Chromatogram of peptic digest of fibrin. 1. Phenylalanine. 2. Tyrosine 
3. Leucine or isoleucine or both. 4. Peptide streak. 
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principle of g«t » «• Glyotoe. 7. Itata. 

3 Leucine or isoleucine or both. 4. 
s'. Glutamic acid. 9. Aspartic add. 
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Sinco all the othor common adsorbents had bcon used without 
success by Duthio and Chain, O y alumina gol (Wilstattor), which had 
not been previously used, was tried, but no concentration of activity 
was acliioved. 


Attempted purification by ion exchange 

A centrifuged solution of crudo digost was run through tlio cation 
exchanger Amberlito I.R.C. 50 and the offluont plus washings thon 
run through the anion exchanger Amberlito I.R.4.B. No separation 
of tho activo principle was acliioved ; tho HC1 oluato from the cation 
and ammonia oluate from tho anion oxchnngors consisted largely of 
salts. Since tho effluont actually lost somo activity, a dogreo of 
adsorption was indicated. 

The amphotoric alumina column was also used (Savory and Moore’s 
standardised alumina). Acid-washed, ammonia-washod and untreated 
columns yielded no real concentration of activity. There was somo 
adsorption of Iriglily' coloured material at tho top of tho column which 
could bo eluted off both by acid and alkali and which contained about 
1/10th of the activity of tho remaining digost. Fractional effluents 
all had tho same order of activity'. 

Attempted purification by paper partition chromatography 

Using tho saino solution, ono-dimcnsional paper-strip chromato¬ 
grams were run in phenol, collidino-lutidino, butanol and butanol- 
acetic acid and developed with ninhydrin. No visual separation was 
achieved, but when tho strips were cut up into segments and eluted 
(Dent), tho activity was found to reside in the ninhydrin-roaoting 
section, oxcopt in the collidino-lutidino strips, where no colour developed 
after treatment with ninhydrin. That tho activity was not duo to 
ninhydrin was shown by repeating tho experiment with strips untreated 
with this compound. 

Two-dimensional chromatograms of the same solution wore run 
on paper squares, first in phenol then in collidino-lutidino. On 
developing with ninhdrin tho digest was seen to contain free tyrosine, 
phenylalanine, and either leucine or isoloucine or both. In addition 
the chromatogram showed a broad streak giving a fainter blue with 
ninhydrin (fig. 1). This streak occupied the position taken up by 
higher peptides in these solvents. An undeveloped was superimposed 
on a developed square and pieces cut out corresponding to the nin- 
hydrin-reacting areas and to the control areas. These paper segments 
were then eluted as before and the eluates tested for biological activity. 
It was found that all such activity resided in the streak occupying 
the position taken up by higher peptides and that the amino acid 
and control spots were inert. 

For visual separation attempts 2-5-5 mg. of material were used, 
for elution experiments 5-10 mg. in a volume of 25-50 jd. 
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Water- and alcohol-soluble fractions of crude digest 

AH the experiments so far described were performed on the 
completely water-soluble material obtained by centrifuging or filtering 
an aqueous solution of the crude digest. The water-insoluble material 
comprises about 10 per cent, of the whole digest by dry weight and 
corresponds to the alcohol-soluble fraction mentioned by Dekanski 
(1949). It is practically insoluble in water, but in strongly alkaline 
solution gives a fine suspension exhibiting birefringence of flow. 
Prolonged shaking with ethyl, methyl and butyl alcohol produces a 
yellow solution. The most rapid extraction was achieved with a 
mixture of absolute ethyl alcohol and ether in equal volumes. On 
shaking this extract with dilute acid, the yellow colour stayed in the 
alcohol/ether phase ; on similarly shaking with aqueous alkali, the 
colour moved into the aqueous phase. The colour of the water-soluble 
portion of the whole digest does not move into alcohol or ether from 
either acid or alkaline aqueous solution. In the capillary-permeability 
leucocyte-emigration and endothelial-swelling tests, both water- and 
alcohol-soluble fractions have the same order of activity; the latter, 
if anything, being a shade more potent. 

Two-dimensional paper chromatography yielded information about' 
the nature of the alcohol-soluble fraction. When an aqueous suspension 
of the material is run in phenol and colhdine-lutidine the resulting 
pattern on development with ninkydrin is practically identical with 
that given by the water-soluble fraction. TlnrL_the_ alcohol-soluble 
fraction contains free tyrosine, phenylalanine and leucinejmd higher 
peptides.'"” This chromatogram pattern was obtained after repeated 
water - washes, the sediment then being resuspended and run. It was 
concluded from these experiments that the alcohol-soluble fraction 
is composed of part of all the constituents of the whole digest bound 
up in some form of matrix, possibly of a. lipoid nature. In view of this 
and because of the solubility characteristics of this fraction it was 
decided to confine further studies on the peptic digest of fibrin to the 
water-soluble portion. 

Ammonium sidphate fractionation 

"When a 2-5 per cent, aqueous solution of water-soluble digest was 
brought to 75 per cent, saturation with ammonium sulphate a dense 
precipitate appeared, part of which was resinous in appearance and 
floated to the surface. No further precipitate appeared on increasing 
the concentration of salt to 100 per cent, saturation. This precipitate 
has 5-10 times the activity of the starting material in the permeability 
test and the supernatant has none. To confirm that this latter result 
was not due to a masking effect exerted by the high concentration of 
ammonium sulphate this supernatant was de-salted. by prolonged 
electrodialysis, after which it was found to be still inactive in the 
permeability test. In a typical pilot scale experiment 1 g. of water- 



HIGHER PEPTIDES IN INFLAMMATION 


09 


soluble digest was dissolved in 25 ml. of distilled vntor and at room 
temperature 13-8 g. of ammonium sulpliato addod and tlio mixture 
shaken until dissolved. Tho precipitate was contrifuged down, drained 
and redissolved in water, I g. of starting matoiial yielding 100 mg. of 
precipitate. Estimation of activity was carried out by tho capillary 
permeability test, the procipitato boing titrated sido-by-sido with 
some of tho starting matorial which had been hold back. The end¬ 
point of the precipitate was 0-005 per cent., that of tho crude digest 
0-05 por cent. Matorial was recovered from solution by evaporating 
to dryness on a water-bath under reduced pressure, or, in tho caso 
of small quantities, by drying in cacao over P.Oj. 

Tho saltcd-out precipitate was more powerful in its offocts on 
leucocyte emigration and ondothelial swelling than the crudo digest, 
giving positivo results down to dilutions of 0-1 per cent., with massing 
of polymorphs mound blood vessels at concentrations of 1-2 per cont. 
Two-dimensional papor partition chromatography rovcalod that tho 
precipitate consisted of a poptido streak alono and that tho supor- 
natant contained tho tliroo freo amino-acid spots of tho original digest 
plus a smaller quantity of peptides. 

Fuller's earth absorption of ammonium sulphate precipitate 

Tho ammonium sulpliato procipitato was a dark brown amorphous 
substanco readily solublo in water at pH 8. In its appoarance and 
ordor of activity in the permeability test it resembled tho matorial 
eluted off fuller’s oartli by Duthio and Chain, which contained all 
tho activity of their digest. To investigate this point 50 mg. of tho 
precipitate wore shaken for 10 minutes with 100 mg. of fuller's earth 
and the adsorption repeated twice more. At tho end of this timo 
tho supornatant contained no poptido material at all and was inactive 
in the permeability test. Tho supernatant, aftor adsorbing tho whole 
crude digest with fuller’s earth, was brought to 75 por cent, saturation 
with ammonium sulphate and the small quantity of salted-out matorial 
obtained was found to huvo an ond-point in tho permeability test of 
0-1 per cont. Whether or not any of the inert peptides in tho 
ammonium sulphate supornatant wore adsorbed by fuller’s oarth 
could not be determined, as no sure method existed for tlioir identifica¬ 
tion. Nevertheless, since all the active salted-out poptides were 
quantitatively adsorbed by fuller’s earth, leaving, to all intents and 
purposes, nothing behind, it was concluded that tho products of 
ammonium sulphate precipitation and of Duthie and Chain’s procedure 
were largely the same. 

Attempts at fractionation of the ammonium sulphate precipitate 

Salting-out at different pH and ionic strength values. Eor convenience 
in an attempt at fractional precipitation with ammonium sulphate 
the initial salting-out of the active matorial from the crudo digest 
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was done at 50 per cent, saturation instead of 75 per cent., the two 
precipitates having the same order of activity. One g. of precipitate 
was dissolved in 30 ml. of water and brought to 20 per cent, saturation 
with solid ammonium sulphate. This was centrifuged, the supernatant 
brought to 30 per cent, saturation and so on until a 60 per cent, 
saturation precipitate had been obtained, when the supernatant was 
discarded. This procedure was repeated at all pH levels from 2 to 9, 
the hydrogen-ion concentration being adjusted initially and between 
each precipitation with the aid of a glass electrode. At no saturation 
level at any pH was any further concentration of activity achieved, 
although the appearance of the precipitate varied from dark brown 
and resinous at 20 per cent, to pale yellow at 60 per cent, 
saturation. 


The material precipitated between 40 and 50 per cent, saturation 
at pH 3-5 was then taken and re-precipitated twice at 50 per cent, 
saturation at the same pH. No concentration of activity resulted 
and the material could not be crystallised out from ammonium sulphate 
on prolonged standing. 

Organic solvent fractionation. Fractional alcohol precipitation at 
2° between 33-3 and 90 per cent, final concentration yielded no 
purification. A similar procedure with acetone at 2° between 66-6 
and 90 per cent, also achieved no concentration of activity. Acetone 
or alcohol fractionation followed by ammonium-sulphate fractionation 
was likewise without effect. 

Electrodialysis. When a solution of ammonium-sulphate precipitate 
at pH 3 was placed in the centre well of a four-celled electrodialysis 
apparatus with two anode compartments, the active principle of the 
capillary-permeability test appeared to migrate quantitatively to 
the cathode, leaving apparently inactive material behind. Yet the 
peptides recovered from the cathode cell had the same order of activity 
as the starting material, although comprising only 20-35 per cent, 
by dry weight of the total recovery. It was then found that the 
matter left behind in the centre cell was not really inactive, but gave 
vasoconstriction down to concentrations of 0-1 per cent., when an 
increase in capillary permeability made its appearance, first as a ring, 
then at 0-05 per cent, concentration as a homogeneous patch. If, as 
seems likely, the permeability-increasing activit}'- of this fraction is 
masked by its vaso-constrictor effect, then the failure to demonstrate 
increased activity in the peptides migrating to the cathode becomes 
explicable. Whether the behaviour of the centre-cell fraction in the 
permeability test is a property of the peptides themselves or of 
impurities cannot be answered. The near anode cell contained merely 
traces of peptides, the far anode only inorganic matter ; neither was 
active in the permeability test and together they accounted for 
about 30 per cent, of the total recovery by dry weight. 

Both cathode and centre cells contained leucocyte-attracting 
and endothelial-swelling activity, and the former seemed the more 
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potent, although tho accuracy of the mothod does not justify a moro 
precise comparison. Both anodo compnrtmonts wero inert in this 
rcspoct. 

Tho results wore similar with two cathode compartments and ono 
anode coll, oxcopt that a small quantity of relatively inert peptides 
collected in tho near cathode chamber. As the pH of tho starting 
solution was raised, so tho amount of peptide migrating to tho cathode 
declined. In addition, tho quantity passing to tho anodo increased, 
but not to tho oxtont that might bo oxpcctcd. 

Ionophorcsis. . Ionophorcsis at pH 4 was tried but no separation 
of tho activo principle was ncliiovcd. With a current of 20 milliamps 
tho activity in tho permeability test was pooled about 1/3 of tho way 
to tho cathode electrode after 2 hours. Material was recovered from 
tho glass wool by squeezing tho latter out at the ond of tho experiment, 
the wool being divided into compartments by bars of agar jelly. 

Iso-electric point precipitation. When an aqueous solution of the 
ammonium sulphate precipitate is gradually rendered acid, a precipitate 
forms which roaches its maximum at an iso-cloctric point of pH 3-8 : 
this comprises 1-2 per cent. w[io of tho total matorial. This iso-electric 
precipitate, howover, has tho same order of activity in the pormonbility 
leucocyte-emigration and endothelial-swelling tests ns tho rest of tho 
ammonium sulphate precipitate. It appears to bo formed from tho 
peptides precipitated by ammonium sulphate between 0 and 20 per 
cent, saturation when tho latter are evaporated to drynoss from 
aqueous solution. 

Ammonium sulphate supernatant. Attempts at separating tho 
activo principle from tho ammonium sulplinto precipitate having 
proved unsuccessful, the corresponding supernatant was turned to. 
As has been said, it is inort in tho permeability test, but when tostod 
for activity in inducing polymorph emigration and endothelial swelling 
it proved to possess tho samo ordor of potency as tho ammonium 
sulphate precipitato. Massing of leucocytes around blood vessels was 
produced at concentrations of 4 por cent., and less constant and 
striking emigration down to 0-2 por cent. Prior to testing, tho matorial 
had been froed of all but tracos of free amino acids by prolonged 
electrodialysis at an acid pH in the apparatus described. Under these 
conditions the amino acids and a proportion of tho peptides migrate 
to the cathode, leaving tho peptides under discussion behind in the 
centre cell. 


The different peptide fractions and their average chain lengths 

Having found the peptides of the ammonium sulphate supernatant 
to possess only two of the three biological properties of the corres¬ 
ponding precipitate, it was decided to compare their chemical properties 
by determining the number of amino acids in the average peptide 
chain of the two fractions. Similar determinations were performed 
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on the peptides precipitated at pH 3-8 and on those salted out with 
ammonium sulphate between 0 and 20 per cent, and between 40 and 
50 per cent, saturation, since they all differ in appearance or chemical 
properties although not in biological activity. All these fractions 
were prepared as described above, the two last being re-precipitated 
at the appropriate saturation level. 

The average chain length of the ammonium sulphate supernatant 
was five amino acids ; of the ammonium sulphate precipitate ten; 
of the pH 3-8 precipitate fourteen ; of the 0-20 per cent, saturation 
precipitate fourteen and of the 40-50 per cent, saturation precipitate 
eight amino acids. The total nitrogen of all these fractions was of 
the order of 13 per cent, except for the ammonium sulphate super¬ 
natant, where it was 6 per cent. 

Acid hydrolysates and amino-acid composition 

Acid hydrolysates of all the fractions mentioned were prepared 
and their amino-acid composition determined by paper partition 
chromatography. /All contained tyrosine, phenylalanine and leucine, 
with or without isoleucine, valine, histidine, arginine, lysine, /1-alanine, 
threonine, glycine, serine and aspartic and glutamic acids.) In addition, 
all but the ammonium sulphate supernatant gave proline and amino 
butyric spots. All neutralised acid hydrolysates were completely 
devoid of activity in the capillary-permeability, leucocyte-emigration 
and endothelial-swelling tests. 

Tryptic digests 

When the ammonium sulphate precipitate was digested with 
commercial trypsin and the resulting mixture subjected to paper- 
partition chromatography the following amino acids were found to 
be liberated :—tyrosine, phenylalanine and leucine, with or without 
isoleucine, valine, arginine, lysine, histidine, /J-alanine, glycine, serine 
and glutamic acid. 

In addition, the precipitate after digestion had lost its power to 
increase capillary permeability, as reported by Duthie and Chain, 
using crystalline trypsin. However, it retained its ability to attract 
leucocytes and to induce capillary endothelium to swell in the same 
concentrations as before. 

Incubation with commercial trypsin of the ammonium sulphate 
supernatant yielded the same amino acids as the salted-out precipitate, 
except that arginine and lysine were not liberated although present 
in the acid hydrolysate of the same material. After digestion, this 
fraction retained its power of inducing leucocyte emigration and of 
causing vascular endothelium to swell; its inability to produce 
increased capillary permeability remained unchanged. 
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Surface activity 

Surfaco activity, i.c. ability to lowor surfneo tension, is a general 
property of higher peptidos. It is possessed by all tho fractions so far 
mentioned oxcopt tho acid hydrolysates, where all poptide bonds had 
been ruptured. Thus tho ammonium Bulplmto preeipitato super¬ 
natants and their tryptic digosts all show surfaco activity easily 
demonstrated by frothing on shaking. 

Ill an attempt to obtain support for tho hypothesis that leucocytic 
emigration was related to surfaco activity various othor surface-active 
substances were tested. Thcso included rat sorum albumin and 
globulins, Teopol in concentrations from 20 to 0-1 per cont., glucose 
and sodium octanoato. Turpontino in concentrations from 25 to 
0-2 por cent, was also tried, as a non-surfaco-active irritant. In the 
highest concentrations Teopol and turpentino both appeared to increase 
the number of polymorphs in tho lumen of tho shin vessels but no 
emigration or ondothelial swelling was producod by thorn or by any 
of the other substances tested. 


Effect of anti-histamine drugs 

Five mg. of Anthisan (May and Bakor) was injected intramuscularly 
into 3 rats, and 30 minutes later a tost of capillary-permeability action 
was carried out, using tho original digest. Tho appearance of dye- 
staining was greatly delayod and tho intensity finnlly reached but a 
fraction of that normally obtainod. Nevertheless, a positive response 
could be detected in the highost dilution normally yiolding one. In 
the rabbit, the capillary-permeability effect appeared to bo completely 
inhibited. In contradistinction to this, previous dosage with Anthisan 
had no effect on polymorph migration or on ondothelial swelling. 


Other enzymic digests of proteins 

Peptic digestion of blood albumin yields a mixture having sb'ghtly 
less activity in the permeability to dye tests than the corresponding 
digest of fibrin. Like the latter, the active principle is quantitatively 
precipitated by 75 per cont. saturation with ammonium sulphate. 

Peptic digestion of gelatine has been reported not to yield an 
active product. In fact, in the rat, slight permeability increase is 
effected by the crude digest at a dilution of 1 per cent. When the 
digest is brought to 75 per cent, saturation with ammonium sulphate 
a precipitate forms which contains all the permeability activity and 
has an end-point of O’l per cent. Commercial trypsin yields digests 
active in the permeability and leucocyte-attracting tests, both from 
blood fibrin and from albumin ; in both cases the active material is 
quantitatively precipitated from solution by 75 por cent, saturation 
with ammonium sulphate. 
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A crystalline higher peptide 

Mr N. M. Green of the department of chemical pathology kindly 
gave me a sample of crystalline beef-pancreas trypsin inhibitor, a 
peptide with a molecular weight of the order of 6000 according’to 
Northrop. This material increased capillary permeability in the rat 
at concentrations down to 0-005 per cent, and induced leucocytic 
emigration and endothelial swelling at a concentration of 0-4 per cent. 
Trypsin inhibitor is quantitatively precipitated by 75 per cent, 
saturation with ammonium sulphate. 


Inflammatory exudates 

These were produced experimentally by injecting 1-5 ml. of 
turpentine into the pleural cavity of the goat, 0-2 ml. of turpentine 
into the pleural cavity of the rabbit and 50 ml. of sterile 0-9 per cent, 
saline into the peritoneal cavity of the guinea-pig. In all cases the 
animals were killed 24 hours later, the exudate collected, freed from 
cells and deproteinised with acetone and pyridine as described for 
protein digests by Cullumbine and Rydon. 

The rabbit turpentine exudate contained free tyrosine and leucine, 
with or without isoleucine, valine, proline, arginine and glycine as 
demonstrated by paper partition chromatography. It possessed 
permeability-increasing and leucocyte-attracting properties and on 
bringing to 50- per cent, saturation with ammonium sulphate yielded 
a precipitate which contained all the permeability and leucocyte- 
attracting activity. 

The guinea-pig saline exudate contained free tyrosine, phenylalanine 
and leucine, with or without isoleucine and valine as demonstrated 
by paper partition chromatography. It possessed weak capillary- 
' permeability-increasing activity and also the power of inducing 
leucocyte emigration. Ammonium sulphate fractionation was not 
performed. 

From the goat, 70 ml. of turbid fluid containing large numbers of 
leucocytes were obtained yielding 80 mg. of precipitate on bringing 
to 75 per cent, saturation with ammonium sulphate after deproteinisa- 
tion. This material was partially soluble in water and the solution 
or suspension was surface active, as were the other two exudates 
described above. The ammonium sulphate supernatant showed no 
surface activity. On paper partition chromatography the precipitate 
was seen to contain no free amino acids. On acid hydrolysis, it yielded 
tyrosine, phenylalanine and leucine, with or without isoleucine, valine, 
histidine, glycine, serine, glutamic acid and aspartic acid ; it was 
found to possess five amino acids per average peptide chain. 

The ammonium sulphate precipitate induced increased capillary 
permeability at dilutions down to 1 per cent., and polymorph emigration 
and endothelial swelling down to 2 per cent. 
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Experimental bums 

Anresthotised rats wore shaved and a test-tube containing water 
at 80° C. was hold in contact with the abdominal skin for 90 soconds 
and the timo of appearanco of incroasod pormoability to trypan bluo, 
previously injocted intravonously, detorminod. In othor rats skin 
soctions were takon at various intervals and loucooyto emigration and 
ondothelial swolling looked for. 

Increased pormoability appeared immediately and reached its 
maximum within 5 mins., the dyo diffusing out widely from the 
burnt area. Leucocyto emigration and ondothelial swolling did not 
appear until half to ono hour later. At half an hour blood stasis 
seemed to liavo begun, judging from tho fixed soctions. Macroscopio 
ovidonco of accumulation of fluid in tho skin was not apparent for 
an hour. 

Disoussion 

That inflammation is accompanied by ovidonco of tissuo breakdown 
has long boon known, but until Menkin was able to roproduco some 
of tho changes of acute inflammation with cell-freo preparations of 
inflammatory oxudates obtained from tho pleural cavitios of dogs 
by tho injection of turpontino its possible significance was not realised 
(Opio, 1922). 

Menkin (193G), after observing that tho activo principle was 
precipitated with tho albumin fraction of tho oxudnto by ammonium 
sulphate and that it was dialysablo, wont on to doviso a scheme for 
its extraction (Monkin, 1938). This involved extraction with pyridine 
and acetone followed oither by extraction with butanol or separation 
of tho activo principle from tho acetone supernatant at —20° C. In 
both cases the product was claimed to bo crystalline although not 
to bo pure. In 1939 Duthio and Chain had tho opportunity of 
examining a specimen of Menkin’s product, which ho had dubbed 
“ leueotaxine ”, and reported it to be amorphous, although otherwise 
as the author had described it. 

Apart from some possible removal of fatty material by the solvent 
pyridine, the acetone/pyridino extraction was in fact simply a de- 
proteinisation, tho oxtract containing several free amino acids and 
large quantities of inorganic and probably of carbohydrate material 
besides the active principle. Since the latter comprises material 
both soluble and insoluble in water tho ability of Menldn to produce 
both butanol- and water-soluble fractions can be understood, as the 
water-insoluble active matorial can be extracted by prolonged shaking 
with organic solvents including butanol. Duthio and Chain suggested 
that this property of solubility in butyl alcohol was imparted by 
combination of the active material with lipoids and the results of 
chromatography, particularly on the alcohol-soluble fractions of the 
peptic digest of fibrin, support this. 
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A crystalline higher peptide 

Mr N. M. Green of the department of chemical pathology Idndly 
gave me a sample of crystalline beef-pancreas trypsin inhibitor a 
peptide with a molecular weight of the order of 6000 according’to 
-Northrop. This material increased capillary permeability in the rat 
at concentrations down to 0-005 per cent, and induced leucocytic 
emigration and endothelial swelling at a concentration of 0-4 per cent. 
Trypsin inhibitor is quantitatively precipitated by 75 per cent! 
saturation with ammonium sulphate. 


Inflammatory exudates 

These were produced experimentally by injecting 1-5 ml. of 
turpentine into the pleural cavity of the goat, 0-2 ml. of turpentine 
into the pleural cavity of the rabbit and 50 ml. of sterile 0-9 per cent, 
saline into the peritoneal cavity of the guinea-pig. In all cases the 
animals were killed 24 hours later, the exudate collected, freed from 
cells and deproteinised with acetone and pyridine as described for 
protein digests by Cullumbine and Rydon. 

The rabbit turpentine exudate contained free tyrosine and leucine, 
with or without isoleucine, valine, proline, arginine and glycine as 
demonstrated by paper partition chromatography. It possessed 
permeability-increasing and leucocyte-attracting properties and on 
bringing to 50 per cent, saturation with ammonium sulphate yielded 
a precipitate which contained all the permeability and leucocyte- 
attracting activity. 

The guinea-pig saline exudate contained free tyrosine, phenylalanine 
and leucine, with or without isoleucine and valine as demonstrated 
by paper partition chromatography. It possessed weak capillary- 
> permeabihty-increasing activity and also the power of inducing 
leucocyte emigration. Ammonium sulphate fractionation was not 
performed. 

From the goat, 70 ml. of turbid fluid containing large numbers of 
leucocytes were obtained yielding 80 mg. of precipitate on bringing 
to 75 per cent, saturation with ammonium sulphate after deproteinisa- 
tion. This material was partially soluble in water and the solution 
or suspension was surface active, as were the other two exudates 
described above. The ammonium sulphate supernatant showed no 
surface activity. On paper partition chromatography the precipitate 
was seen to contain no free amino acids. On acid hydrolysis, it yielded 
tyrosine, phenylalanine and leucine, with or without isoleucine, valine, 
histidine, glycine, serine, glutamic acid and aspartic acid , it was 
found to possess five amino acids per average peptide chain. 

The ammonium sulphate precipitate induced increased capillary 
permeability at dilutions down to 1 per cent., and polymorph emigration 
and endothelial swelling down to 2 per cent. 
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a poptido fraction has boon obtained containing an avorago of five 
amino acids per chain which can causo leucocytos to omigrato from 
blood vossels and vascular ondotliolium to swoll with no corresponding 
effect on vessol pormcability to dyo particlos. For tbeso reasons the 
conception of “ loucotaxino ” as a singlo ontity can no longof be 
ontertainod. Tlio sum-total of tho results of ammonium sulphate 
fractionation is to suggest that, from 8 amino acids por chain upwards, 
peptides produce changes in vessol permoability, loucocyto emigration 
and endothelial swolling ; while with five amino-acid rosiduos or less, 
only tho last two offocts can bo achiovcd. It also seoms that the 
largest poptides, noth 14 amino-acid residues por chain, can acquire 
the property of being quantitatively precipitated at an iso-olectric 
point of pH 3-8 by evaporation to dryness, with no corresponding 
chango in tlioir biological properties. Thcso findings cannot, of course, 
bo extended beyond tho peptic digest of fibrin. 

Further ovidonce for tho biological notions described being the 
proporty not of one, but of a wido group of poptides, is providod by ■' 
tho results of tho experiments with trypsin, where it was shown that 
tho samo enzyme that liberated poptides nctivo in tho permeability 
test from proteins destroyed tho permoability effect of poptides formod 
by tho action of popsin on thoso samo protoms. This indicates that 
structural as well as chnin-longth differences are compatible with the 
retention of tho hfofogtenf properties under discussion. 

Further support for this hypothesis is providod by tho results with 
crystalline trypsin inhibitor. This is a polypeptide, said by Northrop 
to have a molecular weight around 0000. It is of interest that, as 
well as having similar offocts on vossel permoability and leucocytes, 
it has tho samo order of activity as tho poptido mixture salted-out 
from tho peptic digest of fibrin. 

That permeability-increasing activity can be destroyed by trypsin 
while leaving leucocyte-attracting powors unchanged is a finding 
which tallies with tho biological offocts of tho ammonium sulphate 
supernatant of tho poptic digest of fibrin, sinco the products of tryptic 
digestion are probably of tho samo order of chain length as the peptidos 
in tliis fraction. On tho other hand, that peptides having all three 
biological properties have something in common is suggested by the 
quantitative precipitation by 50-75 per cont. saturation with 
ammonium sulphate, which all such poptides so far studied have 
shown. This statement is true of poptic and tryptic digost of fibrin, 
albumin and gelatin and also of inflammatory oxudato. The most 
likely form for this similarity to tako is one of chain length or molecular 
size ; quantitative differences such as exist betweon fibrin and gelatine 
peptic digests could be due to variations eithor in amino-acid com¬ 
position, related to that of its parent protein, or to differences in the 
number of poptides of the appropriate chain length produced. 

The peptido nature of all tho active principles seems now to bo 
established. They are liberated from proteins by proteolytic enzymes ; 
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the active principle occupies the area on chromatograms taken up 
by higher peptides ; total disruption of peptide bonds by acid hydro¬ 
lysis totally destroys activity ; partial disruption of peptide bonds by 
commercial preparations of trypsin destroys the activity believed to 
be related to the larger fragments, i.e. the permeability effect; the 
active principles are soluble in the protein solvents, can be salted out 
between 10 and 75 per cent, saturation, can acquire the property of 
being precipitated at an iso-electric point, have been shown to be 
amphoteric by electrodialysis at varying pH levels, and are surface- 
active. Finally, a crystalline higher peptide, trypsin inhibitor, has 
been found to possess the biological properties under discussion. 

The active principle of inflammatory exudate possesses enough of 
these properties to make its peptide nature seem beyond doubt. Its 
formation is accompanied by definite evidence of protein breakdown, 
i.e. free amino acids are present in the exudate ; it is quantitatively 
removed by salting-out ; destruction of the peptide linkage by acid 
hydrolysis destroys its activity and at the same time liberates its 
constituent amino acids ; and it is surface-active. 

The dissociation of permeability effect and leucocytic and endo¬ 
thelial effects has been achieved by ammonium sulphate fractionation, 
by tryptic digestion, and by means of Anthisan. This dissociation 
seems to rule out the possibility that the leucocyte emigration is a 
side effect of the increase in the permeability of the vessel wall to 
particles such as dye. 

Although no preparation has been obtained able to attract poly¬ 
morphs which was not also surface-active, it has not been found 
possible to destroy the latter property without also destroying all the 
peptide links and reducing the substance to its constituent and inert 
amino acids. Nor is the failure of other powerful surface-active 
agents to induce leucocyte emigration conclusive one way or the 
other. For want of definite evidence to the contrary it seems reasonable 
to suppose that peptides attract polymorphs from the circulation by 
virtue of a specific power of chemotaxis. 


The role of peptides in inflammation 

In the experimental burning of rats skin described, the increase 
in capillary permeability was immediate and extensive. The speed 
with which it appeared seems to rule out the possibility that peptides 
produced by tissue destruction could be responsible. These peptides 
as far as we know could only be formed by the action of proteolytic 
enzymes, liberated from cells or activated in serum, on cellular and 
extracellular protein perhaps previously denatured by the initial 
insult Such a reaction could not proceed rapidly enough to yield 
peptides in quantity sufficiently large to effect an intense and immediate 

Per ?hf^etoation of increased vessel permeability, as seen by the 



HIGHER PEPTIDES IN IN FLA MM A T1 ON 


109 


gradual accumulation of oedema fluid at the experimental burn site 
and the delayed appearance of polymorph emigration and endothelial 
swelling there, aro compatible with the formation and gradual 
accumulation of peptides in tiic tissues. Experimental burns of tho 
rabbit’s oar followed by means of tho Clark’s chamber technique do 
not yield real masses of polymorphs until some hours have elapsod 
(Bangham, unpublished observation). Clearly the accumulation of 
leucocytes in burned tissue is related to the gradual formation of 
some substance from tho tissues themselves. Thero is no evidence 
that tho products of fat and carbohydrate breakdown are active in 
this respect, nor is inorganic material. Of protoin breakdown products, 
only peptides between certain size limits havo boon found to reproduce 
tho signs of inflammation. Both cells and serum contain protcotytic 
enzymes of tho type able to yield these peptides. It scorns reasonable 
to conclude that, at least in burning, tho changos of inflammation 
aro partly rolatcd to tho formation of poptidos at the site of injury. 

Tho inflammatory exudate produced in tho goat’s pleural space by 
turpentine is rich in polymorphs and exuded serum and contains a 
concentration of peptides of tho order of 0*1 per cent. This level is 
adequate to maintain increased vessel permeability and to induce 
leucocjdo emigration. Moreover, tho concentration in tho tissues whence 
the polymorphs are dorived, i.c. in rolation to tho small vessels of tho 
pleura and lung, is probably a good deal higher. Tho peptides present 
aro of tho order of chain length ablo to attract leucocytes while, if tho 
analogy of poptic digosts of fibrin is applicable, their relatively weak 
pormeabiltty effect can bo due to tho presenco of some longor peptide 
chains in tho precipitate analysed, which is almost certainly a mixture 
of such peptides of different sizes. 

It seems that much evidence oxists for regarding higher peptides 
as involved in producing some of tho changes of acute inflammation. 
Although only the simple cases of bum and chemical inflammation 
have been considered in this paper, it is difficult to seo how bacterial 
invasion could fail to contribute to the local concentration of peptides 
by virtue of tho proteolytic enzymes and • substrate protein of the 
organisms themselves. 

Summary 

1. The ability of certain enzymic digests of proteins to reproduce 
some of tho features of acute inflammation, namely to increase capillary 
permeability, to induce polymorph emigration from the vessels and 
to cause vascular endothelium to swell, was investigated. 

2. The active principle of all such digosts was found to be tho 
peptide fraction, and in every case to be salted out by 75 per cent, 
saturation with ammonium sulphate and to show surface activity. 

3. ^ In tho case of a peptic digest of fibrin the biological properties 
described wore found to bo shared by peptides with an average chain 
length of from 14 to 8 amino-acid residues. From the same digest 
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a peptide fraction was obtained which was able to induce polymorph 
emigration and endothelial swelling but had no effect on vessel 
permeability and whose average peptide chain contained only five 
amino acids. 

4. A pure crystalline peptide, pancreatic trypsin inhibitor, with an 
estimated molecular weight of 6000, was found to possess all three 
of the biological properties under discussion. 

5. For these and other reasons it is concluded that such properties 
are possessed not by one but by many peptides within certain limits 
of molecular size, and that the biological effect may vary until the 
length of the peptide chain. 

6. Experimentally-induced inflammatory exudate, in conformity 
with previous workers, was found to possess leucocyte-attracting and 
endothelial-swelling powers, and relatively weak permeability-increas¬ 
ing activity. In the case of turpentine-induced goat pleural exudate, 
the active principle of all three properties was the peptide fraction, 
and probably a mixture of jieptides whose average chain length was 
five amino acids. 

7. It is concluded that much evidence exists for peptides of the 
size discussed in this paper being partly responsible, as a result of their 
liberation at sites of tissue injury, for some of the changes of acute 
inflammation. 

Thanks are due to Professor G. R. Cameron, F.R.S., for advice and encourage¬ 
ment, and to Dr J. D. Judah for help and advice throughout this investigation ; 
also to Dr C. E. Dent for advice on the techniques of partition chromatography 
and to Messrs D. V. Stocker and J. C. Godding for technical assistance. I am 
indebted to Mr A. Asta for the diagrams of paper chromatograms. The expenses 
of this investigation were met by a grant from the Graham Research Fund of 
the University of London and from the Agricultural Research Council. 
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EFFECTS OF ANTERIOR HYPOPHYSIS HORMONES, 
ALONE AND WITH SOME OTHER HORMONES, 
ON AGEING FEMALE RATS 

Y. Kohenohevsky nnd Sheila IC. Pahis 
From the Oxford Gerontological Research Unit, Oxford 

(Plates XII-XVT) 

The literature on the hormones of tho anterior lobe of tho hypophysis 
(abbreviated in tho text ns A.H. hormonos) is vory oxtensivo. It 
has been veil roiioved in tho books by Burrows (1045, and 2nd ed., 
1949) and Selyo (1947). In this paper it is only possiblo to rofer to 
some articles closoly related to the rosults of our experiments on 
femalo rats. 

In the present exporimonts, tho relationship is' studiod botweon 
tho A.H. lionnones nnd androstorono (male hormone naturally present 
in the female organism), progesterone, desoxycorticostorono acotato 
(referred to in tho to.xt ns desoxycorticostorono) and thyroid hormono. 

An investigation of tho simultaneous ofTocts of different hormonos 
is important for various reasons. (1) In tho organism, all hormonos 
are secreted simultaneously. (2) Some lioimoncs become effective 
or their unfavourable effects aro neutralised only in co-operation with 
certain othor hormonos. (3) Unless there is dofinito ovidonco of a 
single deficiency, therapeutic treatment with one hormono only might 
produce artificial hypersecretion, of tho respective hormone and so 
cause a dangerous upset in tho hormonal balance. 

Experiments voro performed on 80 normal femalo rats aged 
about 17 months. At this ago rats have already startod to show 
symptoms of ageing. Eor oxamplo, they bogin to loso tho smoothness 
and lustre of tho fur, tlioy show a considerable dogreo of relative 
hypoplasia in some organs (Korcncliovsky, 1942 ; Korenchevsky and 
Jones, 1946) and thoy becomo less agile. 

Technique 

Tho duration of tho experiment was 42 days. A.H. extract from bovino 
pituitanes, prepared m tho form of a powder by Messrs Organon Ltd., was 
used. A considerable difficulty encountered in experiments with A.H. hormones 
is tho development m some cases of anti hormones ivlncl^ neutralise tho 
specific effects. From this point of view, administration of different doses 19 
helpful in the interpretation of the results. In tho present investigation two 
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doses of A.H. extract, 3 and 6 mg., were given four times a week. Progesterone 
(2 mg. four times a week) was injected as an oily solution. Desoxycorticosterone 
was implanted subcutaneously in the form of sterile 25 mg. pellets prepared by 
Messrs Organon Ltd. Desiccated thyroid was given as a sweetened gum-acacia 
suspension by pipette in doses of 65 mg. three times a week. The number 
and distribution of rats in the various groups is given in table I. 

The renal convoluted tubules were measured as paper replicas by the method 
previously described (Korenchevsky and Hall, 1944 ). 

The organs were fixed in Bouin’s fluid, embedded in paraffin and stained 
with iron luomatoxylin and eosin. For fatty substances frozen sections were 
stained with Sudan black. 


All results were statistically analysed by Mr J. L. Nicholson of the Institute 
of Statistics, Oxford University, to whom we express our gratitude. The 
statistical results are expressed in P (probability) values. When two P values 
are given (e.g. P<0-05-0-01) they varied in the different groups referred to, 
but lay on any figure between the limits quoted. 


Experimental findings 


Changes in body tveight and fat deposition 

A statistically significant increase in body weight was obtained 
only ivith combinations containing androsterone (table I, cols. 7, 
8 and 9 ; P<0-05-0-01). This result confirms previous observations 
(Korenchevsky, Dennison and Levy Simpson, 1935 ; Korenchevsky, 
Hall and Burbank, 1939 ; Korenchevsky and Jones, 1946). 

In spite of the absence of any significant changes in body-weight, 
a definite decrease of fat deposition (as judged by the amount of 
abdominal fat) was found in the groups treated simultaneously with 
A.H. extract, progesterone and thyroid hormone (cols. 5 and 11 ; 
P<0-02-0-01), or with A.H. extract and desoxycorticosterone (col. 7 ; 
P<0-05). This, in agreement with our previous observations, indicates 
that, whereas the metabolism of fat tissue was increased, in other 
tissues and organs the catabolic processes predominated over the 
anabolic. 


Changes in the ovaries 


The effects of the anterior hypophysis on the ovaries are due to 
three hormones (1) follicle-stimulating (FSH), (2) luteinising (LH, 
also defined as interstitial-cell-stimulating) and (3) luteotropic (LTH, 
also called prolactin). They produce respectively (1) development 
of follicles, (2) formation of corpora lutea and stimulation of interstitial 
cells and (3) preservation of corpora lutea, stimulation of their secretion 
(progesterone) and, in the mammary glands, milk secretion. 


Excessive doses of the A.H. hormones might produce pathological Ies on 
, n t p 0 ovaries namely ovarian cysts (Burrows, 1945, p. 25), or atrophy of the 
follicles and corpora lutea with subsequent extensive development of interstitial 
myelin 1949)- Thyroid hormone increased the weight of the 
(1929), Korenah.vsky, Hall and Clapk.ra 
(STd ESS&SKd B-niaLa (.990,. In and, ovade, Wdakad 



Table I 

Effects of androgenic , thyroid and anterior hypophysis hormones, progesterone and dcsoxycorhcostcrone acetate 
on weights of organs of ageing female rats 
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and Boyd (1933-34) recorded development chiefly of the corpora lutea, while 
m the experiments of Korenehevsky, Paris and Benjamin (1950) small doses 
of thyroid hormone increased the number of corpora lutea or follicles or both. 
Fluhmarm (1 934) and Tyndale and Levin (1937), using apparently toxic doses 

°£ f 0 , 1 ? h0I ™° ne> f ° Und a decrease in the we ight of the ovaries. A depressing 
ettect oi toxic doses is typical for this hormone. 


Large doses of progesterone and desoxycorticosterone acetate, according to 
Selye and Friedman (1940), produce ovaries that are atrophic or of about normal 
size. They have atretic follicles, but may contain some enlarged corpora lutea. 


In the present experiments with A.H. extract, ovarian hypertrophy 
was obtained (table I). It was, however, statistically significant 
only with a large dose (P<0-001). The “not significant ” effect of 
a small dose of A.H. extract became significant (P<0-02) when thyroid 
hormone was administered simultaneously (table I, col. 4). This 
cooperative stimulating effect was counteracted by the simultaneous 
administration of progesterone (table I, cols. 5 and 11). An apparent 
increase in weight of the ovaries observed in some other groups was 
not statistically significant. 


Histologically in most of our control rats fully developed ovaries 
were observed, with mature follieles and corpora lutea, and numerous 
cells of the interstitial gland well loaded with lipoids (fig. 1). In one 
rat only, premature ageing of the ovaries was observed: most of 


the follicles and corpora lutea were in various stages of atresia, which 
is typical for ovaries of older (senescent) rats. 


In the treated groups, various degrees of depressed development 
of the follicles and stimulation of the corpora lutea were present in 
all rats which received A.H. extract, alone or in combination with 


other hormones, androsterone excepted. Depression of the follicles 
was expressed by a decrease in their number and size, immature forms 
of various grades being present. Stimulation of the corpora lutea 
resulted chiefly in an increase in their number, more rarely in size 


(figs. 2, 3, 5 and 6). 

In the rats injected with both androsterone and A.H. extract, not 
only was the development of the follicles depressed (fig. 6), but, 
exceptionally, that of the corpora lutea as well (fig. 4). In such cases 
general atrophy of the ovaries was present. This effect should be 
explained by the well-established depressing action of androgens on 
the gonadotropic secretion of the hypophysis, and, through this, on 
the ovaries. Even the average weight of the ovaries in these “ andro¬ 
genic ” groups showed that in most rats such atrophying action of 
androgens was prevented by A.H. hormones. Fig. 3 shows that the 
stimulating effect of the A.H. hormones could not only neutralise 
but might even predominate over the depressing androgenic effect. 
Ho definite effect of desoxycorticosterone was observed in the ovaries. 

Comparison between figs. 2 and 5 shows that progesterone lessens 
the hypertrophying effect of A.H. and thyroid hormones ; the corpora 
lutea become less numerous and most of them smaller. 

Thus the main results obtained can be summarised in three 





Platts XII 

Htematoxylin and eosin. x 12 

Fig. 1.—Control rat. Normal structure of ovary, containing both follicles and corpora 
Iutea. Wt. of ovaries 77 mg. 

Fig. 2.—Rat treated with A.H. extract (3 mg.) and thyroid hormone. Better developed 
ovary, with more numerous and some larger corpora lutea. The most nearly 
normal structure as compared with that in figs. 1 and 3-6. Wt. of ovaries 131 mg. 

Fig. 3.—Rat treated with A.H. extract (3 mg.) and androsterone. The atrophying 
“ androgenic ” effect has’ been counteracted by the hyportrophying action of 
A.H. hormones. Wt. of ovaries 110 mg. 

Fig. 4.—Rat treated with A.H. extract (3 mg.), androsterone and desoxycorticosterone 
acetate. Atrophic ovary with considerable increase of fibrous tissue. In this 
case A.H. hormones failed to neutralise the atrophying effect of androsterone. 
Wt. of ovaries 66 mg. 

Fig. 5.—Rat treated with A.H. extract (6 mg.), progesterone and thyroid hormone. 
A smaller and histologically less well-developed ovary than in fig. 2, consisting 
almost entirely of corpora lutea. Wt. of ovaries 46 mg. 

Fig. 6.—Rat treated with a large dose of A.H. extract (6 mg.). Hypertrophic ovary, 
consisting almost exclusively of corpora lutea. Wt. of ovaries 146 mg. 
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conclusions(1) Tho A.H. oxtrnct used contained chiefly lnteinising 
and Iutcotropic hormones, but not tho follicle-stimulating ono ; (2) 
it was able to neutralise and in some eases ovon to predominate over 
tho doprossing effect of androgens on tho ovaries; (3) a synorgislic 
relationship was obsorvod botwoon A,H. hormonos and thyroid 
liormono. 

Changes in the uterus 

A doflnito cliango—a decrease in tho woiglit of tho uterus—was 
observed only in tho groups treated simultaneously with progesterone, 
thyroid hormone and A.H. oxtrnct, in both small (P <0-01) and largo 
(1?<0-001) doses (table I, cols. 0 and 11). 

Histologically, with A.H. extract alono, at both dosage lovols, 
tho uterus was in tho diccstrus condition in all rats oxcopt ono, which 
showed the progestational structure. 

Various degrees of progestational changes woro fonnd in most rats 
receiving progostorone in combinations with othor hormones. Com¬ 
parison of tho group “ progesterone-)-thyroid hormono ” with tho 
group “ progestorone-t-thyroid hormono+A.H. extract" showed 
considerably more pronounced progestational changes with tho latter 
combination of tlirco hormones. This indicates that A.H. hormonos 
increased tho progestational offcot of progesterone on tho uterus. 

In all androstorono combinations dimstrus was tho usual condition 
of the uterus. In previous oxperimonts it was fonnd that nndrostorono, 
by depressing tho gonadotropic function of tho hypophysis, produces 
a decrease in tho sizo and woight of tho uterus (Koronchovsky, Paris 
and Benjamin). In the present exporimonts this androgonic effect 
was not significant in any combination with A.H. extract (table I, 
cols. 7 and 8) and desoxycorticostorono (col. 8), sinco these hormones 
apparently neutralise tho depressing notion of androstorone. As in 
previous experiments (Koronchovsky, Hall and Clnpham), no definite 
offoct of thyroid hormono on tho utorus of normal rats was obsorvod. 
Previously, howover, its slightly stimulating action on tho uterine 
epithelium and myometrium in ovarioctomised rats was recorded 
(Koronchovsky and Jones, 1917). 

In transverse sections of tho uterine horn, in the region of greatest 
diameter, tho thickness of the mucosa and myometrium was measured 
by ocular micromotor and tlioir ratio ascertained in all rats in tho 
present exporimont. This ratio in control rats was, on the average, 
2-22. It was only slightly loss (1-8-2-01) in all rats receiving andro- 
sterone or desoxycorticostorono in tho combinations used. 

In the animals receiving A.H. extract, alone or with thyroid 
hormone or progesterone or both, and also with the combination of 
progesterone and thyroid hormone only, this ratio was definitely 
smaller, ranging from 1-33 to 1-65. Therefore with all these latter 
combinations the development of tho myometrium was relatively 
more pronounced than that of the mucosa. 
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Changes in the vagina 

pr ^Y i0US ex P erhnents androsterone was found to have a hypertrophyW 
effect on the vagina m ovanectomised rats (Korenchevsky, Hall and Burbank^ 

SdBeija^) ° aeS) ’ ^ a0t “ n0rmaI intaCt ratS (Korenehevsky/Paris 

Weichert and Boyd produced progestational mucification in the va-nna of 
rats treated with large doses of thyroid hormone. Korenchevsky, Hall and 
Clapham, however, observed the usual cyclic changes in the vagina, ranging 
from dimstrus to oestrus, and only exceptionally—in 2 out of 34 rats—the first 
incomplete stages of mucification. 


In the present experiments, although in almost all the treated 
rats the weight of the vagina was greater than in the controls, it was 
statistically significant in one group only, namely that treated 
simultaneously with a small dose of A.H. extract, androsterone and 
desoxycorticosterone (table I, col. 8 ; P<0-02). With A.H. extract 
alone, about half the treated rats showed varying degrees of pro¬ 
gestational mucification of the vaginal epithelium ; in the remainder 
dioestrus was present. It is noteworthy that, in spite of the luteinising 
effect of A.H. extract on the ovaries, progestational changes in the 
uterus were present in 2 out of 13 rats and in the vagina in about 
half of the animals only. In all rats, however, to which progesterone 
was given in various combinations, vaginal mucification was found, 
co nfirm i n g previous results. While the addition of desoxycorticosterone 
to the other hormones injected had no definite effect, androsterone 
intensified the vaginal mucification in combination with the A.H. 
extract. 


Changes in the female preputial glands 

The hypertrophying effect of androgens on the preputial glands has been 
described by several workers, confirming the results obtained by Korenchevsky, 
Dennison and Levy Simpson, and Korenchevsky, Hall and Burbank. It has 
also been recorded after injection of progesterone (Selye, 1940a) and A.H. 
extract (Selye and Clarke, 1943). Hypertrophy of these glands was often 
observed in rats after the administration of thyroid hormone, but, because 
of its inconsistency, was not statistically significant (Korenchevsky, Hall and 
Clapham ; Korenchevsky, Paris and Benjamin). 


In the present experiment the weight of the preputial glands was 
greater than in the controls in all the treated groups, but statistically 
significant hypertrophy was only found with combinations containing 
androsterone (P<0.001), and with A.H. extract+thyroid hormone+ 
progesterone (P<0-01-0-001). Since these latter hormones had no 
significant effect separately, a synergistic effect on the preputial glands 
is indicated. 


Changes in the adrenals 

Atrophy of the adrenals after the injection of androgens has been repeatedly 
observed in spayed rats (Korenchevsky, Denmson and Levy Simpson, 1935 ; 
Korenchevsky, HaU and Burbank, 1939 ; Korenchevsky and Hall, 1940, 
Korenchevsky and Jones, 1946), but in normal rats, only on prolonged admin¬ 
istration (Korenchevsky, Paris and Benjamin, 1950); it was not found 




Plate XIII 

Outer part of cortex, with (from top to bottom of photographs) fibrous capsule, 
zona glomerulosa, demarcation zone and tipper part of zona fasciculnta. Hema¬ 
toxylin and eosin. X 225. 

Fig. 7.—Control rat. Normal structure. Adrenals 55 mg. 

Fig. 8.—Bat treated with androstorone and desoxycorticosterone acetate. Depletion 
of lipoids in narrower zona glomerulosa, widened demarcation zone and decrease 
in size of cells and some nuclei in zona fasciculate. Adrenals 43 mg. 

Fig. 9.—Rat treated with A.H. extract (3 mg.) and androsterone. Changes similar 
to those in fig. 8, hut demarcation zone is wider. Adrenals 55 mg. 

Fig. 10.—Rat injected with a largo dose of A.H. extract alone. Structure of ndronal 
similar to that of control rats, hut cells of zona fasciculate smaller. Adrenals 
55 mg. 

Fig. 11.—Rat treated with A.H. extract (3 mg.), progesterone and thyroid hormone. 
Hypertrophied adrenal, but structure similar to that in fig. 10. Adrenals 90 mg. 

Fig. 12.—Rut treated with A.H. extract (3 mg.) and thyroid hormone. Adrenal 
onlarged, hut histologically similar to controls. Adrenals 68 mg. 
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a short treatment of, for cxamplo, threo weeks’ duration (Korenchovsky, 
Dennison and Hall, 1937a and b). Atrophy of theso glands has also been 
recorded after administration of very largo doses of progestorono and desoxy- 
eorticostorone acotato by Sclyo (1940b), but not by Forster cl al. (1940), while 
Kimoldorf and Sodonvall (1947) observed hypertrophy after tho administration 
of moderato amounts of progestorono. 

Hypertrophy of tho adrenals was obtained after tho treatment of rats with 
thyroid hormone (Hoskins, 1910 ; Cameron and Carmichael, 1921 ; Koren¬ 
chovsky, Hall and Clapliam, 1943 ; Korenchovsky and Jones, 1940, 1947 ; 
Korenclievsky, Paris and Benjamin, 1950). It iR tho cortex only which shows 
these ntropliio or hypertrophic, changes (Korenchovsky and Jones, 1947; 
Korenchovsky, Paris and Benjamin, 1950). 

Tho presenco of a corticotropio hormono in tho anterior hypophysis and 
its extracts has now been well established and tho substanco has been isolated 
in puro form. Provided thero is no counteraction by onti-hormono, cortico- 
tropic hormone in A.H. extracts produces hypertrophic changes in tho ndrenals 
(Selyo and Clarke, 1943 ; Bergncr and Deane, 1948 ; Dontigny el at., 1948). 

In tlio present experiments, A.H. extract nlono, at both dosage 
levels, produced only statistically non-significant enlargement of tlio 
adrenals (tablo I). Histologically, liowovor, tho cortical cells wore 
smaller (fig. 10) than in tho control rats (fig. 7). Sinco the woight 
of tho adrenals was not reducod, tho increased number of cells should 
bo explained as a hyperplasia produced by tho adronotropic hormone 
presont in tho A.H. extract used. 

In combination with thyroid hormone (tablo I, cols. 4, 5 and 11) 
a statistically significant hypertrophy of tho adrenals was obtained 
(P<0'01-0-001). It had previously boon found (Korenchovsky and 
Jones, 1940) that, in tho small doses used in this experiment, thyroid 
hormone alone did not cause significant hypertrophy of tho adrenals. 
There is therefore evidence of a synorgistic action of thyroid hormone 
and A.H. hormones on tho adrenals. Histologically (fig. 12), although 
tho cortical cells of these adrenals are largor than those with A.H. 
extract alone, thoy do not approach the size of tho colls in the control 
rats. With thoso combinations of hormones also, therefore, hyper¬ 
plasia and not hypertrophy of tho cortical colls was tho cause of tho 
adrenal enlargement. 

The depressing effect of desoxycorticosterone, observod by Selye, 
was not found in the present experiments. Tho depressing effect of 
androgens on tho adrenals, previously observed by us, was again 
found in the present experiments (PcO-OOF; tablo I, cols. 7, 8 and 9). 
The simultaneous administration of A.H. hormones or desoxycorti¬ 
costerone did not neutralise this effect (figs. 8 and 9). Depletion of 
lipoid granules in the zona glomerulosa and widening of tho demarca¬ 
tion zone W'ere observed in the adrenals of the rats treated with 
hormonal combinations containing androsterone (figs. 8 and 9). 

Changes in the thyroid 

The presence of thyrotropic hormone in tho anterior hypophysis is well 
established. In A.H. extracts it is responsible for the stimulation of tho growth 
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andhormonal secretion of the thyroid gland. In previous papers (Korenchevsky 
Hall and Clapham, 1943 ; Korenchevsky and Jones, 1946, 1947, 1948) tho 
literature referring to the action of androgens, progesterone and thyroid hormone 
on the thyroid gland and the results of their own experiments on the subject 

n V ? ?!\ rCn ' rt Was found that androgens and progesterone stimulate, 
wlule thyroid hormone depresses the thyroid gland. 


In the present experiments an increase in the weight of the thyroid 
was observed in all the treated groups, but this did not attain statistical 
significance. Histologically, in control rats, a slightly active condition 
of the thyroid was observed, with cubical or slightly higher epithelium 
and for the most part with a medium amount of colloid (fig. 13). 
The depressing effect of thyroid hormone could not be neutralised 
by progesterone (fig. 14). 

The stimulating effect of A.H. extract was evident only with large 
doses, which considerably reduced the amount of colloid in the 
follicles and also neutralised the depressing effect of the thyroid 
hormone (fig. 16). In 4 out of 7 rats receiving all three hormones, 
the thyroid gland was even more active (fig. 16) than in the control 
rats (fig. 14). Tins demonstrates the overwhelmingly powerful effect 
of thyrotropic hormone in relation to the effect of the thyroid hormone 
(in certain doses) on this gland. The stimulating effect of androsterone 
on the thyroid was observed in most rats treated with combinations 
containing this hormone (fig. 15). This is in good agreement with 
our previous results. In 6 rats notable hyperplasia of the thyroid 
epithelium was observed. These pathological alveoli (figs. 17 and 18) 
consist of solid nests of cells of uneven size and shape, with granular 
cytoplasm staining bluish with hematoxylin and tending to form a 
syncytium. The nuclei are vesicular and usually larger than those 
of normal thyroid cells. These structures were observed after treat¬ 
ment with various hormones. In our other experiments (Korenchevsky, 
Paris and Benjamin) on considerably older (senescent) rats treated 
simultaneously with sex and thyroid hormones, these structures 
developed into frank adenomata affecting a part or the whole of the 
gland (figs. 19, 20 and 21), with cellular anaplasia (figs. 20 and 21). 


Changes in the parathyroids 

In the control and most of the treated animals the histological 
structure of the parathyroid glands was normal. In 7 cases, however, 
the fibrous tissue of the glands was slightly increased; namely in 
one rat treated with progesterone and thyroid hormone, in one treated 
•with androsterone and desoxycorticosterone, in one receiving A.H. 
extract, progesterone and thyroid hormone simultaneously and m 
rats receiving A.H. extract, androsterone and desoxycorticosterone 
simultaneously. Our experiments on older rats (Korenchevsky Pans 
and Benjamin) suggest that an increased development of fibrous 
tissue is one of the features of ageing of the parathyroids. 




Plate XIV 

Haamatoxylin and eosin. x 160. 

Fig. 13.—Control rat. Cubical or slightly higher epithelium ; mostly medium amount 
of colloid in the follicles. Thyroid 16 mg. 

Fig. 14.—Bat treated with thyroid hormone and progesterone. Flattened epithelium 
and increased amount of colloid, typical of depressed thyroid. Thyroid 17 me. 

Fig. 15.—Bat treated with androsterone and desoxycorticostorone acetate. Very 
active thyroid, with high epithelium and very little colloid in follicles. Thyroid 
20 mg. 

Fig. 16.—Rat treated with A.H. extract, thyroid hormone and progesterone. 
Epithelium similar to that of control rats, but amount of colloid much reduced. 
Thyroid considerably more active than in'fig. 14. Thyroid 18 mg. 

ig. 17 and 18.—Small hyperplastic structures, with formation of solid alveoli, of 
epithelium in the thyroid of rats treated with A.H. extract, progesterone and 
thyroid hormone (fig. 17), and with androsterone and desoxycorticosterone (fig. 18). 
Thyroids 21 and 20 mg. respectively. 
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In contrast to this pathological change, in one rat receiving 
progcstorono and thyroid horraono, the parathyroids wore especially 
activo as judged by the larger size of the colls and tho prosenco of 
mitoses Mitoses, howov or, wore not obsoned m tho other rats of 
the same group, nor in animals of other groups 

Changes in the thymus 

Tho literature on the subject and our own results on tho effect of androgens 
in increasing involution of tho thymus have already been given (Ross and 
Korcnchovsky, 1941) Similar effects of progesterone m combination with 
ccstradiol havo also been recorded (Korenchovshy and Jones, 1948) The 
effects of desoxjcoTticostcrono and AH hormones were insufficiently studied 
and havo so far given contradictory results No definite or constant effect 
was obtained with thyroid hormone (Korcnchovsky, Hall and Claplmm, 1943 , 
Korenchcvsky and Jones, 1940, 1948) 

In tho present experiments, A H oxtrnct alono, m both doses, 
did not produeo any ofFoct on tho weight of tho thymus, but in 
combination with thyroid hormone (table I, cols 4, 5 and 11), a 
statistically significant (R<0 02 0 001) delay m tho imolution of the 
thymus was observed Histologically tins was confirmed by tho 
larger size of the thymic lobules and tho smaller amount of fibrous 
and adiposo tissue between thorn With the other hormonal com 
bmations used no significant changes w ere found m tho weight of the 
thymus Histologically, m rats treated with nndrosterono and 
desoxycorticosterono simultaneously 7 , greater atrophy of the thymus 
was observed than in the control rats, namely 7 smaller lobules, with 
a greater amount of fat and fibrous tissues Few and \ery small nests 
of hyperplastic thymic epithelial cells wero observed in some of the 
rats treated with the combinations winch included thyroid hormone 
or desoxycorticosterone These hyperplastic structures, though of 
more pronounced degree, havo previously been described by 7 us m 
detail (Ross and Korenclievshy) and confirmed by 7 Plaggo (1944) 

Changes m the liver 

Hypertrophy of tho liver was obtained m rats after tho administration of 
AH extract by Best and Campbell (193G), Lee and Treomnn (1940), Cameron 
and Carmichael (1941) and Selye and Clarke (1943) Leo and Freeman counted 
liver cells and found that their hyperplasia was responsible for this enlargement 
of the liver Best and Campbell found that AH extract increased liver fat 
considerably, while decreasing general body fat Therefore tho enlargement 
of the liver might be due partly to tho fat increase in the organ 

Riddle and his co workers (Bates el al , 1937) produced hepatic hypertrophy 
m pigeons by lactogenic A H hormone Li cl al (1949) did not find this m rats 

Progesterone in combination with small and ineffective doses of thyroid 
hormone or ccstradiol, and androgens, also produced liver hypertrophy m 
ovariectomised rats, less constantly in normal rats (Korenehov sky and co 
workers 1935, 1937a and b, 1939, 1946, 1947, 1948 1950) 

Thyroid hormone is also an effective hopatotropic factor m both normal 
and ovariectomised rats (Korenchev sky and co workers, 1943, 1944, 194G) 
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The effect of desoxycorticosterone was studied by Carnes ct al. ( 1941 ) and 
Foster « „l. ( M6) who oould not find any changes l the liver even by L“g 
large doses of this hormone. b 


In the present experiments, statistically significant hypertrophy 
of the liver (P<0-02) was obtained after administration of A.H. 
extract in large but not in small doses (table I, col. 11). When, 
hoVever, the small dose was given simultaneously with thyroid 
hormone, with or without progesterone, the hypertrophy became 
significant (P<0-01 ; cols. 4 and 5). With this combination the 
larger doses produced the greatest increase in weight of the fiver 
(P <0-001 ; col. 11). A.H. extract in combination with desoxy¬ 
corticosterone or androsterone, or the latter hormones alone, produced 
no significant enlargement of the liver. 

A synergistic relationship between A.H. and thyroid hormones is 
indicated by the absence of significant hepatic hypertrophy with a 
combination of progesterone and thyroid hormone (table I, col. 2)> 
while a significant hypertrophy was obtained after the addition to 
this combination of a small dose of A.H. extract (col. 5). Previously 
it had been found that such small doses of thyroid hormone as were 
used in the present experiment do not produce definite fiver hyper¬ 
trophy (Korenchevsky and Jones, 1946, 1948), but the larger doses 
do (Korenchevsky, Hall and Clapham, 1943). Thus small and com¬ 
paratively inactive doses of the hormones of the anterior lobe and 
thyroid exert a definite synergistic action when applied together. 

Comparison of photomicrographs of the fiver cells in various 
groups demonstrates definite enlargement in two groups only:—in 
rats injected simultaneously with a small dose of A.H. extract and 
thyroid hormone and in rats injected with a large dose of A.H. 
extract. Therefore the hypertrophy of the liver observed in our 
experiments should he due chiefly to hyperplasia and not to hyper¬ 
trophy of the cells. 

Two kinds of pathological change were observed. (1) Small and 
infrequent foci of round-cell infiltration were recorded, usually around 
small blood vessels, in approximately equal numbers in both control 
and treated groups. (2) Focal hyperplasia of the smallest bile ducts 
was observed in 9 rats treated 'with various hormones (table III, 
p. 125). These hyperplastic foci were minute in size, consisting of 
clumps of 4-7 tubules. Only one or two foci were found in whole 
sections of small lobes of the liver. These small foci and some of 
larger size (fig. 22) were occasionally or even frequently found in 
normal untreated rats at the more advanced age of 20-28 months 
(Korenchevsky, Paris and Benjamin). Most probably they are a 

feature of old age. , 

Histologically similar structures have been observed m the human 
liver and, when developed, have been described as multiple adenomata 
of the bile ducts (Ewing, 1940, p. 750). Transitions to cystadenoma 
or adenocarcinoma may occur. 
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Plate XVI 


Hagmatoxylin and eosin 

Fxo. 23.—Untreated control rat. Normal structure of exocrine acinar tissue. X 18a - 

Fig. 24.—Rat treated with A.H. extract 3 mg. and thyroid hormone. X185. 

Fig. 25.—Rat treated with A.H. extract 6 mg., progesterone and thyroid hormone. 
X185. 

v 

Fig. 26.—Rat treated with A.H. extract, androsterone and desoxycosticosterono 
acetate, x 185. 

In figs. 24-26 the number of larger acini with larger cells is increased as compared 
with that in the control rat (fig. 23). 

Fig. 27.—Rat treated with A.H. extract 3 mg. and desoxycorticosterone acetate. 
At the top, right-hand side, and in the right-hand bottom comer, normal exocrine 
acinar tissue. In the left-hand bottom comer, part of a normal islet of Langerhans. 
Between these normal tissues, a triangular area shows transition from normal 
exocrine acini into widely luminated acini lined by smaller flattened cells, evenly 
and faintly stained, with smaller and usually flattened nuclei containing l ess 
chromatin than the normal cells. xl85. 

"ig. 28.—Rat treated with A.H. extract, androsterone and desoxycorticosterone 
acetate. Three lobules present an adenoma-like transformation, with comparatively 
few acini still in the transitional stage. There is slight round-cell infiltration. 
In the right-hand bottom comer there is a small portion of normal pancreatic 
tissue. X 65. 




Plate XV 

Hematoxylin and eosin 

iiG. 19. Female rat, aged about 27 months, treated with testosterone propionate. 
In rats the thyroid consists of two large lobes, right and left, joined by a very 
narrow thin isthmus. An adenoma has transformed nearly the whole of the right 
lobe, leaving a few normal follicles on the right-hand side and top edges, recognis¬ 
able by their normal colloid content, x 40. 

Fig. 20 and 21.—Another female rat, about 27 months old, treated with progesterone, 
oastradiol B.B. and thyroid hormone. An adenoma has spread through the whole 
lobe. The photographs (x 140), taken from two different parts of the tumour, 
show that the follicular arrangement, although distorted, is partly retained, 
partly broken (fig. 20), with the cells spreading irregularly in all directions. Colloid 
remains in four places in fig. 21. Cells and nuclei are of various sizes and shapes. 
In places the structure resembles that of a spindle-cell sarcoma. Thyroid 26 mg. 

Fig. 22.—Liver of control intact male rat aged about 21 months. Amongst the 
normal hepatic parenchyma are two portal tracts showing well-marked bile-duct 
hyperplasia. XllO. 
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Changes in the kidneys 

Wilkins ct al, (1935) and Cameron and Carmichael (1941) produced renal 
hypertrophy by the injection of A.H. extracts. Selyo and co-workers (Selyo 
and Clarke, 1943 ; Selyo and Pentz, 1943 ; Hall ct ah, 1940; Dontigny ct al. t 
1948) also produced hypertrophy of the kidnoys, but at tlio same timo severe 
neplirosclorotio lesions, when very largo doses of A.H. oxtracts or desoxy- 
corticosterono ncotato were injeoted into rats. Reiss (1944) found degenerative 
and necrotio lesions within 12 hours of the injection of a largo doso of the 
corticotropic A.H. extract. 

Contrary to the observations of Selyo and co-workers, Forster ct ah (1940), 
after tho daily injection of rats with 2*5 mg. of dosoxycorticostorono for 87 days, 
t.c. large doses, found only slight degenerative changes in somo tubules and 
an increase in hyaline and granular casts. Carnes ct ah (1941), in a similar 
experiment, found no lesion in tho kidnoys. 

Korenchovsky and co-workers, in tho papers mentioned in tho section on 
tho liver, summarised tho literature of tho subject and their own experiments, 
in which they observed considerable hypertrophy of tho kidnoys after the 
administration of androgenic and thyroid hormones and progostcrono. Whilo 
thyroid hormone produced this effect in both normal and ovarioctomised rats, 
androgenic hormones, and in particular androsterono, had much less effect 
and sometimes no ofTect at all in normal intact rats. Measurement of tho 
convoluted tubules and mitotic counts demonstrated that in tho treated rats 
tho renal enlargement was a true hypertrophy, boing produced chiefly by over¬ 
growth of individual renal colls. 

In the pTesent experiments, significant hypertrophy of the kidnoys 
was not obtained with A.H. extract alone (table I, cols. 3 and 10) 
nor with a combination of progesterone and thyroid hormone (col. 2). 
When, however, these three hormones were administered together 
(cols. 5 and 11), or only A.H. extract and thyroid hormone (col. 4), 
a statistically significant hypertrophy (P<0-02-0-01) was obsorvod. 
These data indicate a synergistic action of A.H. hormones with 
thyroid hormono on tho kidnoys. 

Tho combination of A.H. extract and androstorono (col. 7) did 
not produce any effect on tho weight of tho kidneys, but with the 
addition of desoxycorticosterone (col. 8) there was a significant hyper¬ 
trophy (P<0-02). In this case a synergistic relationship was in 
operation between androsterone and desoxycorticosterone as tho 
data in col. 9 indicate (P<0-05); especially, since a significant change 
was not obtained with the combination of A.H. oxtract and desoxy¬ 
corticosterone (col, G). 

Histological measurement of proximal convoluted renal tubules 
and their lumina by the method of paper replicas has shown that 
hypertrophy of the tubules was obtained, not only in the case of rats 
with significantly increased kidney weights (table n, lines 4, 5, 8 
and 10), but also in those in which the increase in weight was not 
significant (lino 9 ; P>0-05). 

It is noteworthy that not only did the tubular cells become 
hypertrophied, but the tubular lumina also were significantly enlarged 
(P<0-05-0-01; the groups in. table H, lines 6, 9 and 10). These 
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measurements therefore indicate that the enlargement of the kidneys 
in the respective groups was the result of a true renal hypertrophy. 

Table n 

Effect of hormones on renal proximal convoluted tubules 
and their lumina 


Groups 

Average weight (rag.) of paper 
replicas of tubules 

Tubuio without 
lumen 

Lumen 

1 Controls ....... 

5-46 

0-92 

2 Progesterone f thyroid hormone . 

5-87 

1-44 

3 A.H. oxtract alone, 3 mg. .... 

5-73 

1-39 

4 A.H. extract-}-thyroid hormone . 

6-65 

1-32 

5 A.H. extraet-fthyroid hormone-f pro- 

G-69 

1- 60 

gesterone 



6 A.H. extract4- androsterone 

C-26 

1-41 

7 A.H. extract -}- nndrosterono + desoxy cortico- 

5-84 

1-50 

sterone 



8 Androsterone-fdesoxycorticosterone 

6-41 

1-61 

9 A.H. extract alone, C mg. .... 

6-59 

1-83 

10 A.H. extract, G mg. + thyroid hormone-f 

6-49 

1-82 

progesterone 




Pathological changes in the form of round-cell infiltration and 
oedema of the glomeruli were observed in both control and treated 
rats. In the controls, however, the foci of cellular infiltration were 
not only very small but also rare, only one or two of them being 
seen in a whole cross section of the kidney. Moreover they were 
found only in 3 out of 8 control rats. CEdema of glomeruli was 
observed in 1 control rat only, and one or two osdematous glomeruli 
in the transverse section of the whole kidney. 

In the groups treated with combinations in which desoxycorti- 
costerone was present, or in which A.H. extract, especially in a largo 
dose, was administered simultaneously with progesterone and thyroid 
hormone, the foci of cellular infiltration were definitely increased in 
number but only rarely in size. For example, foci of infiltration 
were found in the kidneys of every rat in the group “ A.H. extract-f- 
desoxycorticosterone ”, and the group “ large dose of A.H. extract-f- 
progesterone-f thyroid hormone ”. In addition, in 2 out of 7 rats 
in the latter group, tiny spots of degeneration, and in 1 rat tiny spots 
of necrosis wore found in the cortical part of the kidneys, there being 
from one to three spots in the whole cross section of the kidney. 

Out of all the rats treated, only one—an animal belonging to the 
group treated simultaneously with A.H. hormone, androsterone and 
desoxycorticostcrone—showed foci of cellular infiltration. Although 
very "small, these were spread around so many tubules that the 
lesion could be regarded as the beginning of a mild interstitial 

nephritis. 
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Changes in the spleen 

Hoskins (1910), Herring (1917), Cameron and Carmichael (1920-21), 
Ivorenchovsky, Hall and Ciapkam (1043) and Ivorenchovsky and Jones (1940, 
1948) obtained hypertrophy of the splcon nftor administration of thyroid 
hormone in sufficiently largo doses. The ofTccfc of androstorono was uncertain, 
producing mostly an increase in weight of tho spleen in ovariectomisod but not 
in normal rats (Ivorenchovsky, Hall and Burbank, 1939 ; Ivorenchovsky and 
Jones, 1946 ; Ivorenchovsky, Paris and Benjamin, 1950). Progesterone (Solyo, 
19406 ; Ivorenchovsky and Jones, 1948) and desoxycorticosterono acetato 
(Selye, 19406) apparently do not produce definite splenic changes. 

In tho present experiments, a statistically significant increase in 
■weight of the spleen (P <0-01-0-001) was obtained only in the groups 
simultaneously injected with A.H. extract and thyroid hormone, with 
or without progesterone (table I, cols. 4, 5 and 11). Since progosterono 
with thyroid hormone alone (col. 2) did not produce this effect, a 
synergistic action of anterior lobe hormones with thyroid hormone 
is indicated. 

Histologically tho structure of these hyportrophiod spleons was 
normal except for the apparently incroased size of tho Malpighian 
bodies. 

Changes in the heart 

The effect of thyroid hormone on tho heart lias been investigated and the 
literature surveyed in previous papora (Ivorenchovsky, Hall and Ciapkam, 
1943 ; Korenchevsky and Jones, 1946 ; Korenchevsky, 1950 Koronchevsky, 
Paris and Benjamin, 1950). Thyroid hormone produces hypertrophy of the 
heart, and, with larger but apparently well-tolerated doses, various degrees of 
myo-, endo- or pericarditis in some of the animals. Severe lesions were obtained 
with toxic dose3 of this hormone. 

Androsterone (Korenchevsky, Hall and Burbank, 1939 ; Korenchevsky and 
Jones, 1946) is also able to produce hypertrophy of tho heart ; progosterono 
(Selye, 19406 ; Korenchevsky and Jones, 1948) has apparently no definite action. 
Desoxycorticosterone acetate and A.H. extracts in very largo doses (Selye and 
Pentz, 1943 ; Hall et al. f 1946) produce hypertrophy, with myocardial lesions 
in the form of infiltration with Aschoff colls, lymphocytes, fibroblasts and 
leucocytes, and very small foci of nocrosis or sclerotic scars, Carnes et at. (1941) 
and Forster et al. (1946), also using largo doses of desoxycorticosterone acetate, 
could not find any pathological changes in the heart of rats or (Foster et al.) dogs. 

In the present experiments statistically significant hypertrophy 
was obtained in all animals receiving thyroid hormone, but was 
more pronounced in combinations with A.H. extract (table I, cols. 4, 
Sandll; P<0-01-0-001) than without it (col. 2 ; P<0*03). Similarly, 
while desoxycorticosterone and androsterone alone (col. 9) or andro 
sterone-f-small dose of A.H. extract (col. 7) produced a non-significant 
increase in the weight of tho heart, tho increase was significant when 
all three hormones were injected simultaneously (col. 8 ; P<0-01). 
This indicates a synergistic action on the heart between anterior lobe 
hormones and thyroid hormone, and between anterior lobe hormone, 
androsterone and desoxycorticosterone. 
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measurements tlierefore indicate that the enlargement of the kidneys 
iia the respective groups was the result of a true renal hypertrophy. 


Table n 

Effect of hormones on renal proximal convoluted tubules 
and their lamina 



Groups 

Average weight (mg.) of paper 
replicas of tubules 


Tubule without 
lumen 

Lumen 

1 

Controls ....... 

5-46 


2 

Progesterono-f-thyroid hormone . 

5-87 


3 

A.H. extract alone, 3 mg. .... 

5-73 


4 

A.H. extract-*-thyroid hormone . 

6-65 


5 

A.H. extract-f thyroid hormone-)-pro. 

gesterone 

6-69 

1-69 

0 

A.H. extract + androsterone 

G-26 

1-41 

7 

A.H. extract -)- androsterone + desoxycortico. 
sterone 

5-84 

1-50 

S 

Androsterone+desoxycorticosterono 

G-41 

1-61 

9 

A.H. extract alone, G mg. .... 

6-59 

1-83 

10 

A.H. extract, 6 mg.+thyroid hormone-j- 
progesterone 

6-49 

1-82 


Pathological changes in the form of round-cell infiltration and 
oedema of the glomeruli were observed in both control and treated 
rats. In the controls, however, the foci of cellular infiltration were 
not only very small but also rare, only one or two of them being 
seen in a whole cross section of the kidney. Moreover they were 
found only in 3 out of 8 control rats. (Edema of glomeruli was 
observed in 1 control rat only, and one or two cedematous glomeruli 
in the transverse section of the whole kidney. 

In the groups treated with combinations in which desoxycorti- 
costerone was present, or in which A.H. extract, especially in a large 
dose, was administered simultaneously with progesterone and thyroid 
hormone, the foci of cellular infiltration were definitely increased in 
number but only rarely in size. For example, foci of infiltration 
were found in the kidneys of every rat in the group “ A.H. ex tract-f- 
desoxycorticosterone ”, and the group “ large dose of A.H. extract-f- 
progesterone-J-thyroid hormone ”. In addition, in 2 out of 7 rats 
in the latter group, tiny spots of degeneration, and in 1 rat tiny spots 
of necrosis were found in the cortical part of the kidneys, there being 
from one to three spots in the whole cross section of the kidney. 

Out of all the rats treated, only one—an animal belonging to the 
group treated simultaneously with A.H. hormone, androsterone and 
desoxycorticosterono—showed foci of cellular infiltration. Although 
very small, these were spread around so many tubules that the 
lesion could be regarded as the beginning of a mild interstitial 
nephritis. 
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In other experiments (Korcnchovsky, Paris and Benjamin, 1950) 
on senescent rats aged 22-27 months injected with sox and thyroid 
hormones, these structures were more frequent and hotter developed. 

Tat?m: III 

Number af rats in the various groups showing hyperplastic cltanges 
in various organs 



Group* or rat* 

No. of 


Number of btrwUvrcs In 

■ 


croup 





liver 

1 

Controls 

B 

o I 

0 

0 

0 



Progesterone-Khyroid 
horraono 


0 

0 

1 


H 

3 

A.H. extract, 3 mg. 


0 

0 

1 

0 


4 

A.H. extract, 3 mg.-h 
thvroid hormone 

H 

0 

0 

1 

1 

0 

5 

A.H. extract, 3 mg.-r 
thyroid hormone -fpro- 
gesterono 


0 

0 

0 

2 

3 

G 

A.H, extract, 3 mg.-f 
desoxycorticosterone 

B 

1 

0 

1 

0 

0 

■ 

A.H. extract, 3 mg.+ 
androsterono 


0 

1 

1 

0 

0 

1 

A.H. extract, 3 mg.-f- 
nndrosterone -fdesoxy- 
corticostcrono 

9 

3 

0 

3 

1 


9 

Androsterone+dcsoxy» 
corticosterone 

HH 

o 

0 

M 

o 

mm 

HU 

10 

A.H. extract, G mg. 


0 

0 

■9 

0 


11 

A.H. extract, 6 mg.4- 
thyroid hormone-fpro¬ 
gesterone 

■ 

0 

0 

■ 


0 


Total number 

80 


■ 

0 

10 



To a lesser dogreo and less frequently they have been observed even 
in control senescent rats. It appears therefore that this pathological 
tendency to the development of adenoma-like structures has a 
connection with and is porhaps one of the features of senescence 
in Tats. 

Adenomas and cystadonomas havo been observed in tho human 
pancreas but are comparatively rare (Erring, p. 702). They usually 
arise from the ducts, but an origin from tho exocrine acinar cells, 
or even from the colls of Langerlians islets has also been recorded. 


Changes in the hypophysis 

No histological investigation of the hypophysis has been made 
in the present experiments. A statistically significant * decrease 
(P<0'02-0-01) in the weight of the hypophysis was found in rats 
treated with a small dose of A.H. extract plus thyroid hormone 
(table I, col. 4) or androstorone (col. 7). A combination of andro- 
sterone and desoxycorticosteronc also produced a significant decrease 
of tho weight (col. 9 ; P<0-02). 
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As regards anterior lobe hormones alone, in the present experiment 
the small dose used had no effect (col. 3), while the large dose had a 
definite hypertrophying action (eol. 10 ; P<0-02). 

Histological!}', nono of the severe pathological changes which 
followed the administration of very large doses of A.H. extracts and 
desoxycorticosterone acetate (Selye and co-workers) and toxic doses 
of thyroid hormone was obtained in the present experiments; 
apparently the doses used were non-toxic for the heart. The diet on 
which the rats were fed may have been partly responsible for this. 
Only in two rats of one group, simultaneously injected with a small 
dose of A.H. extract, androsterone and desoxycorticosterone acetate, 
were tiny foci of round-cell infiltration found in the myocardium— 
one or two in a whole transverse section of the heart. 

Changes in the pancreas 

Cameron (1926) gave a full review of the previous literature on the effects 
of thyroid hormone on the pancreas, together with the results of his own careful 
experiments. He confirmed the hypertrophy of the pancreas observed by 
previous workers, and found also that thyroid hormone caused an increase in 
the ratio of Langerlians islet tissue to exocrine tissue. Florentin and Watrin 
(1931), and Richardson and Young (1937-38) confirmed Cameron’s results. The 
latter authors found that the presence of giant islets did not always indicate 
proliferative activity of these structures, since in some cases giant islets were 
unaccompanied by an increase in the islet/acinar ratio. No reliable results 
were obtained with androsterone, progesterone and desoxycorticosterone. 

In the present experiments, assay of the amount of islet tissue was 
not attempted. In photomicrographs, as compared with control 
rats (fig. 23), the number of larger exocrine acini appeared to be 
greater in the rats to which A.H. extract was administered in com¬ 
bination with thyroid hormone (fig. 24), with thyroid hormone and 
progesterone (fig. 25), or with androsterone and desoxycorticosterone 
(fig. 2G). 

Hyperplastic structures were observed in the exocrine pancreatic 
parenchyma which were not found in control animals, In most of 
the treated groups only a single example of this change was encountered 
(table III), while the size of the areas involved was very small in all 
the pancreases except three. In two of these exceptional cases the 
greater part of a small pancreatic lobule was affected (fig. 27); in 
the third, three lobules showed this change (fig. 28), which presented 
an adenoma-like formation. The change consists in a loss of the 
normal granulation of the exocrine cells and in the disappearance of 
any distinction between their outer hsematoxylinophilic and inner 
eosinophilic zones. The cells become flatter, with smaller and usually 
flattened nuclei, the lumina in consequence becoming much increased 
in size (fig. 27). In some of the affected pancreases these structures 
wero infiltrated with round cells and fibroblasts (fig. 28), in others, 
infiltration was practically absent (fig. 27). 
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Pathological effects 

Very severe lesions in tlio kidncyB and heart, as obtained by Solyo 
and co-workers, were not observed in our experiments. There were 
practically no cardiac lesions in our treated rats, while in the kidneyB, 
round-cell infiltration and oedema of glomeruli were inoreased, but 
only slightly as compared with tho controls. In one of the treated 
rats tho cellular infiltration, although still small in size, had Bproad 
between so many tubules as to suggest tho early stages of a mild 
interstitial nephritis. 

The difference between our results and thoso obtained by Solyo 
could be explained by differences in the diet and in tho doses used. 
Selyo and his co-workers injected enormous daily doses, for example 
20-40 mg. of A.H. extract (Dontigny el al ., 1948) and G mg. dosoxy- 
corticosterone acetato. Corresponding daily doses for human boings 
would be of the order of G-12 g. of A.H. extract and 1-8 g. of desoxy- 
corticostorono acetate. 

Hormones and several other substances, vitally necessary in 
physiological and harmless amounts, may becomo deadly poisons 
when usod in huge doses. Such amounts are unlikely to occur naturally 
in rats and it is doubtful whether they could even be secreted in 
cases of pathological hypersecretion in man. 

Moreover Solyo and co-workers, in order to produce severe nophro- 
selerotio or cardio-vascular lesions, usually administered to tho rats, 
besides hormones, largo amounts of sodium clilorido or high protein 
diets ; or tho treated rats were castrated or unilaterally nophroctomiscd. 
They themsolrcs (Hay cl ah, 1948) demonstrated what a vory 
aggravating effect these additional measures have. For instance, 
by decreasing tho protein content in the diet they were able to prevent 
completely tho nephrosclorotic effect of A.H. hormones in rats. On 
the other hand, nephrosclerotio lesions could be produced by some 
protein-rich diets alone without tho administration of any hormones. 

Even for tho correct interpretation of thoso comparatively slight 
lesions of various organs in tho present experiments, it is necessary 
to emphasis that tho doses used, although much smaller than those 
of Selye and co-workers, were still large doses. 

Other pathological changes—hyperplastic structures in the liver, 
adrenals, thyroid and pancreas were also slight in the present experi¬ 
ments. Their total number, however, was considerable. Various 
changes of this kind occurred in different organs in 35 out of 72 treated 
rats (table HI). From tho results of their own investigations on 
human hyperpituitarism, especially acromegaly, and from a study of 
the literature, Cushing and Davidoff (1927, p. 90) came to the conclusion 
that hyperpituitarism tends to promote adenomatous formations in 
some glands (thyroid, parathyroid, adrenals and pancreas). 

Our present results and those obtained on older rats, however, 
clearly indicate that hypersecretion, not only on the part of the 
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anterior hypophysis but also of the gonads, thyroid and adrenal 
cortex, has the same effect. In the present experiment, for example, 
in groups 2 and 9 (table III), which were not treated with A.H. 
extract, the occurrence of these epithelial changes was even more 
frequent than in the remaining groups treated with A.H. extract 
(about 57 and 47 per cent, respective!}*). 


Pathological changes and ageing 

In the present experiments on rats about 17 months old some 
pathological changes were also present in the controls (infiltrations 
in the kidneys and liver), but these were fewer and slighter than in 
the treated rats. 

In our other experiments on older rats, aged 20-27 months 
(Korenchevsky, Paris and Benjamin), the controls all showed patho¬ 
logical changes, which w*ere more frequent and often more severe. 
It was therefore suggested that these lesions, or the tendency and 
predisposition to their development, might be a feature of ageing. 
This was apparently confirmed by the fact that doses of hormones 
similar to those used in the present experiment usually produced, 
in older rats, more frequent and more severe changes. For example, 
hyperplastic formations in the thyroid, adrenals, thymus, liver and 
pancreas developed in some of these rats into more pronounced 
adenoma-like structures or even, in the thyroid, into frank adenomata 
(figs. 19-21). Similar formations were observed by Korenchevsky 
and Hall (1940) in the uterine mucosa of ovariectomised rats injected 
with androgens and oestrogens simultaneously. These rats were not 
more than 214 days old, but according to our previous investigations 
ovariectomy hastens the process of ageing in rats. 

It is noteworthy that minute single or multiple nodular hyper¬ 
plasias or adenoma-like structures are also associated with ageing 
in man (Rolleston, 1936, p. 373; Ewing, 1940, pp. 830-831). In 
the adrenals of adult or old persons, for example, they are discovered 
at autopsy as incidental finings in about 35 per cent, of cases, and 
Ewing emphasises that all gradations exist between simple local 
adrenocortical hyperplasia and true adenoma formation. 


Stimulating effects of hormones and ageing 

In contrast to the induction of pathological lesions by hormones, 
their stimulating and hypertrophying effects must be emphasised. 
These changes occur in the vital organs of rats, especially after 
combined hormonal treatment. In this limited sense, the stimulating 
and hypertrophying effects of hormones appear as anti-ageing actions, 
since, with ageing, all organs ordinarily undergo relative hypoplasia 
(Korenchevsky, 1942) and finally atrophic and degenerative changes. 
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This faot, however, does not necessarily moan that thoro is a truly 
beneficial offect on the procoss of agoing as a wholo. It might, on 
tlio contrary, indicate tho development of splanchnomegalic 
monstrosity. Many morphological, physiological and biochomical 
oxporimonts aro necessary in order to define tho truo significance of 
any apparently agoing or anti-agoing factors. This problom is 
considered in detail olsowhoro (ICoronclievsky, Paris and Benjamin, 
1950). 

Summary 

1. An oxporiment was porformod on 80 agoing normal rats in 
order to investigate tho effoct of hormones of tho anterior hypophysis 
(A.H.) administered alone or in various combinations with andro- 
storone, progesterone, dosoxycorticostorono acetate and thyroid 
hormone. 

2. In the A.H. extract used as a source of hormonos of tho anterior 
hypophysis there were prosont gonadotropic hormonos for tho ovaries, 
and somatotropic hormones for tho preputial glands, thyroid, adrenals, 
thymus, liver, kidneys, spleen and lioart. 

3. The presence of those hormones in tho A.H. oxtrnct was 
ascertained hy their hyportrophying or stimulating, or thoir synerg¬ 
istic or co-oporative offects on tho respective organs. 

4. A synergistic or co-oporativo relationship between A.H. 
hormones and thyroid hormone was observed in thoir action on 
the ovaries, preputial glands, adrenals, thymus, livor, kidnoys, spleen 
and heart. 

5. A.H. hormonos were able to neutralise more or less completely 
the depressing offect of thyroid hormone on the thyroid gland, but 
not the atrophying effoct of androgens on tho adrenals. 

6. Synergistio or antagonistic relationships between somo of the 
other hormonos used were also recorded. 

7. Pathological lesions in some of tho treated rats took the form 
of focal infiltration, chiefly lymphocytic, of the kidneys, fiver and 
pancreas, of the formation of epithelial hyperplastic structures in 
the thyroid, thymus, liver and pancreas, or of hypoplasia of .the 
ovaries and adrenals. In nearly all cases the first two groups of 
lesions were slight and, in addition, some of them were present also 
in the control rats, though less frequently. 

8. Some apparently anti-ageing (stimulating and liypertrophying) 
properties of the hormones used aro discussed; and tho role of 
senescence in producing and intensifying the pathological lesions 
observed is considered. 

9. It is emphasised that many morphological, physiological and 
biochemical investigations are necessary in order to ascertain the 
true nature of any apparently ageing or anti-ageing factors. 
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GROSS TUMOUR EMBOLISM OP THE AXILLARY 
ARTERY BY MALIGNANT SYNOVIOMA 

T. G. E. Loosemore and J. W. WinniCK 

From the Royal Cancer Hospital , London 

(Plates XVII-XIX) 

That tumour emboli of macroscopic dimensions may bo carried in 
the systemic veins to be arrested in the right chambers of the heart, 
the pulmonary arteries or lungs, and in the portal vein to the liver 
is a well known but rare occurrence. Emboli of this kind aro still 
more rarely encountered in the arterial system (Willis, 1934). They 
may result from neoplastic invasion of pulmonary veins or the left 
chambers of the heart, or from paradoxical (crossed) embolism. In 
the few recordod cases, the sites of arrest have been different and, 
with one exception, the finding was post mortem. 

The only case in the literature of gross arterial tumour embolism recognised 
during life is that of Groth (1940). His patient, n worann of 30 who two years 
previously had had her right leg amputated for sarcoma of the tibia, presented 
with obstruction of tho left common femoral artery by a tumour embolus. 
This was removed successfully and she survived for one month after tho 
embolectomy. At necropsy, pulmonary motastases were found to have invaded 
main pulmonary voins. 

Kaufmonn (1929) has referred briefly to the finding at necropsy, in a 
woman of 25, of gross invasion of pulmonary voins by motastases from chorionic 
carcinoma and of macroscopic tumour emboli in arteries of tho spleen and 
kidneys producing infarcts in these organs. Thompson and Evans (1929*30) 
described a caso of paradoxical tumour embolism through a patent foramen 
ovale in a man of 25 with, bilateral malignant testicular teratomas. There 
were no pulmonary metastases but growth from a mass of tumour attached 
to the right surface of the atrial septum projected tlirougli the foramen ovale 
into the left atrium. Free and attached tumour masses were present in the left 
ventricle and gross tumour emboli were found in coronary and middle cerebral 
arteries. 

It is doubtful if the case described by Till and Fnirbum (1947-48) is acceptable 
as one of massive neoplastic embolism. Their patient, a man of 50 with bronchial 
carcinoma, developed occlusion of the right femoral artery followed by gangrene 
of the foot. At necropsy, the obstructing mass consisted of thrombus which 
on microscopic examination was found to include tumour tissue only in a 
restricted part, with an attachment to the wall immediately proximal to the 
origin of the profunda fern oris artery. Xo gross invasion of vessels was found 
in the thoracic viscera. It is therefore possible that the femoral occlusion may 
have developed from microscopic rather than gross tumour embolism, and the 
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finding by Branwood and Glazebrook (1946) of a tumour nodule implanted on 
an atheromatous patch in the aorta in a case of mixed-cell sarcoma of the 
diaphragm is of interest in this connection. 

In a child of 10 years. Young and Hunter (1947) found soft, mucinous, 
polypoid masses attached to the wall of the left ventricle and an embolus of 
similar tissue occluding the abdominal aorta from the coeliac to the renal arteries. 
Though the authors conclude that this was a cardiac myxoma rather than 
organising thrombus, it is questionable whether the case can be accepted as an 
instance of arterial tumour embolism because of the equivocally neoplastic 
nature of such tumours. 


Case report 

In our patient there was gross tumour embolism of the left axillary 
and brachial arteries, confirmed by histological examination of the 
embolectomy specimen, and, at necropsy, massive permeation of 
pulmonary veins. 

Clinical history 

S. A. O., a woman of 64 years, was admitted to the Royal Cancer Hospital 
as an emergency case on 16th December 1948, with a 9-hours’ history of severe 
pain in the left arm. She had noted that the limb had changed colour, becoming 
first white and then blue. She had been receiving a course of X-ray therapy 
as an out-patient following the removal, at another hospital, of a secondary 
malignant synovioma from the region of the left scapula. A radiograph on 
24th November 1948, had shown an opacity of doubtful significance in the 
right lung. 

Past history. In October 1945 a tumour of the left knee which had been 
present for 8 months was excised. It appeared to be entirely extra-capsular 
and was described as a softish, homogeneous, solid tumour of tangerine size, 
sharply circumscribed from the surrounding fatty tissue and yellowish on cut 
surfaces. The histological diagnosis was synovioma (Dr E. M. Martland). 
During September 1946, X-ray therapy was given for a recurrence of the knee 
tumour and in September 1948, a further recurrence in the same site was 
excised. Five days later a tumour was noticed in the left scapula. This was 
treated by excision followed by X-ray therapy. 

On examination, there were no physical signs of cardiac abnormality. The 
blood pressure was 140/90. In the region of the inferior angle of the left scapula 
there was a healed scar. The left arm was cyanosed, with white areas of mottling, 
and was cold below the middle of the upper arm. Pulsation was absent in the 
radial, brachial and axillary arteries but present in the subclavian. A further 
radiograph of the chest showed the same opacity in the right lung and also a 
more peripheral shadow. 

Operation ( T.G.E.L.) 15 th December 1948. As there was no obvious source 
of the embolus, the axillary artery was explored, under general anaesthesia, 
through the lower limb of a Fiolle-Delmas incision. The artery was opened 
at the origin of the subscapular branch, revealing a mass of friable tissue, 
which was removed. A good efflux of blood was obtained from both ends but 
there was no return of the radial pulse. Because of the tumour-like appearance 
of the embolus, further exploration was considered inadvisable. Heparin 
therapy was begun. 

Pathological report on embolus. This bilobed, soft white and dark red 
fragment (larger lobe 0-6 cm. diam.) was found to consist of cedematous spindle¬ 
cell growth of unspecifiable nature, accompanied by blood-clot. 

Progress. Gradual deterioration ensued and death occurred on 16th December 
1948. The condition of the arm appeared unchanged. 



J PVTir D VCT—Aol. I\IIt 


Platf* XVII 


Gross tumour rnnousM of axiixari artfr\ 



-Distal extremity of grow th permeating pulmonary vein 1 10 2—Right pulmonnrj metastasis allowing permeation of 
m left lung Natural si/o pulmonary vein X2 3 




anoss TUMOUR EMBOLISM OF AXILLARY ARTERY 135 


Necropsy findings 


A woll-built, fairly oboso woman with scars over tho loft kneo 
and loft scapula. Thore was diffuse dark blue discolouration of tho 
skin of tho loft arm, which liowovor was paler and more patchy in 
tho neighbourhood of tho shouldor: similar patchy discolouration 
was presont over tho left sido of tho chost. A roccnt transverso infra- 
clavioular (Fiollc-Delmns) incision had been closod by clips. 

No residual growth wns presont at the kneo—tho site of tho primary 
tumour—nor about tho sito of tho troated scapular motastasis. 

Only two pulmonary motastnscs woro present, ono noar tho apox 
of each uppor lobe. Tliov wero roundod, and the cut surfacos woro 
firm, white and greyish-white and slightly mucinous. From tho 
tumour (2-2 cm. diameter) in tho left lung, a firm cord of growth 
5 0 cm. in longth oxtended along tho lumen of a pulmonary vein, 
gradually increasing in diamotor to 1-0 cm., whon it ended abruptly 
with an irregular, brokon-off freo oxtromity (fig. 1). It consisted of 
firm white and translucont groy tissuo which was smooth-surfaced 
whoro it was not attached to tho vessol wall. Lying freo in a large 
pulmonary vein at tho hilum of tho loft lung was a twisted clot 5-0 cm. 
long and from 0-3 to 0-8 cm. wide. Tho tumour in tho uppor lobe 
of tho right lung was similar, though smallor (1 -C cm. diamotor), and 
its finor intravascular extension, 2-1 cm. long and up to 0-3 cm. 
diameter had a smooth, bulbous distal oxtromity (fig. 2). 

There was no tumour within tho cavities of tho heart but in tho 


posterior wall of tho left ventricle was a Binglo, ill-dofinod motastasis 
(0-4 cm. diamotor) which did not roach either endocardium or opi- 
cardium. A small valvular patent foramen ovale allowed the passage 
of a thick probo. Tho loft axillary artery (fig. 3) was filled with clot 
from just proximal to tho origin of tho subscapular artery onwards 
into tho brachial artery' for a total distanco of 11-0 cm. In its distal 
1-5 cm. the “ clot ” consisted largely of white tumour tissuo but tho 
rest was dark rod in colour. 


On tho surface of tho parietal region of the left corebral hemisphere 
there was a bulging dark rod and greyish-brown tumour 2-2 cm. 
m main diamotor, and there wore soft, ill-defined, hajmorrhagic areas 
superficially in tho right parietal region and in the left cerebellar 
hemisphere. Tho thyroid contained ono nodulo of secondary growth 
" cm - * n diameter. Tho only other metustasos wero single soft 
white deposits, 0-8 and 0-G cm. diamotor, in tho second and third 
lumbar vertebral bodies. The thoracic duct and all lymph nodes 
were normal. Apart from purulent bronchitis and bronchopneumonia 
there were no other significant changes in tho body. 


Histology 

Tumour excised in 1945. Sections of tho poriphory of the primary 
tumour, where it extended into tho subcutis, woro available for 



136 


T. G. E. LOOSEMORE AND J. W. WHITTICK 


examination. Though the margin appeared well defined to the naked 
eye, the sections show infiltrative growth at the periphery with 
extension through a condensation of surrounding fibrous tissue into 
subcutaneous fat. The growth consists of cellular tissue through 
which many microscopic clefts are irregularly scattered (fig. 4). 
Haemorrhagic, oedematous and necrotic areas are small and infrequent. 
Within the tumour there is very little collagenous tissue. There is 
considerable pleomorphism but most of the tumour cells are spindle- 
shaped, having abundant cytoplasm of indefinite outline and plump, 
ovoid or elongated, pale-staining nuclei, each with a distinct nucleolus. 
The cells are arranged partly in vague drifts and partly in small 
compact clumps with intervening clefts (fig. 5). In looser areas, 
cytoplasmic outlines are clearer and the cells are fusiform, stellate or 
polygonal. Fine vaeuolation and foaminess of the cytoplasm are 
common, and in several places there are groups of large, closely apposed 
foamy cells with small pyknotic nuelei. There are occasional giant 
binucleate or multinucleate cells, but none of the type found in benign 
synoviomas. 

Clefts resembling synovial spaces are fairly numerous. Most of 
these are lined by flattened tumour cells and there is no pseudo- 
glandular arrangement. Neither mucus nor iron pigment is present, 
but in some of the necrotic foci there are a few cholesterol-crystal 
clefts. 

The malignancy of the tumour is indicated by its great cellularity, 
cell pleomorphism, numerous mitoses and infiltrative growth. The 
structure is that of a malignant synovioma. 

Necropsy tissues. Dungs. In the metastases, the tumour cells 
form diffuse areas completely replacing the pulmonary tissue or else 
are finely dispersed through surviving alveoli. In these less heavily 
infiltrated parts, mucus and tumour cells occupy the alveolar spaces. 
Though there is distinct resemblance between the diffuse parts of the 
pulmonary metastases and the primary growth, the cells in the lungs 
are less compactly arranged and show greater pleomorphism and 
mitotic activity. Being less closely packed, they are more distinct 
in outline and most of them are fusiform or elongated, with branching 
extremities which fuse with adjacent cells to form loose syncytial 
sheets (fig. 6). Running between these sheets are wide irregular 
clefts analogous to the smaller ones in the primary tumour. 

In the areas of loose infiltration within alveoli, the tumour cells 
are very variable in shape, being fusiform, stellate, cuboidal, flattened 
or irregular. Abundant mucus is present in the alveoli (fig. 8) and 
the tumour cells lie free in it, fill the spaces as a loose reticulum or 
form an incomplete lining to the alveolar walls (figs. 7 and 8). Where 
the lining is a single layer of flattened or cuboidal cells, a glandular 
epithelial appearance is produced. Compact clusters of tumour cells 
(fig. 7) having a resemblance to swollen villous processes project 
into some of the alveoli. There is thus both a pseudo-acinar and 
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Gross tumour embolism of axillary artery 


Fig. 3 —Left axillary 
artery occluded by 
tumour - thrombus. 
Natural size. 



Tio. 4.—Primary tumour with synovial spaces. 
X 90. 



Fio. 5.—Primary tumour infiltrating subcutis. 
X90. 
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Fio. 0.—Pulmonary metastasis showing syn¬ 
cytial drifts of spindle cells. X180. 

Fio. 7.—Pulmonary metastasis showing tumour 
cells lining tlio walls and projecting into 
alveoli. XlGO. 
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pseudo-papillary arrangement in those areas. Where tlio tumour does 
not use tho alveolar ivnlls ns a scaffold, stroma is scanty hut fairly 
rich in capillary vossols. Little nocrosis or htomorrhago is present. 

Invasion and pormoation of tributary pulmonary veins are 
prominent. Growth within these vessols oithor fills tho lumen ns 
cellular tissue closely adherent to a largo part of tho wall (fig. 9) or 
is loose, richly mucinous and poorly cellular with groups of tumour 
colls situated mainly at tho periphery of tho himon. 

Other organs. Small tumour motastnses of similar histological 
structure aro present in tho thyroid, lumbar vertebra, myocardium 
of the loft ventricle and loptomoninges overlying the parietal lobe of 
the left cerebrum, which is indontod but not infiltrated. The other 
cerebral and corobellar losions aro small htcmorrlmgio infarcts with 
tumour-thrombus in adjacont arterioles. An embolus of tumour- 
thrombus also occupies tho lumen of a small artory at the periphery 
of the thyroid deposit. 

Tho clot which lay free in tho main left pulmonary vein is com¬ 
posed of thrombus with very fow tumour cells. 

Discussion 

Arteries long resist tumour invasion, partly perhaps because of 
their compact musculo-elastic walls, and aro rarely infiltrated by 
growth. Honco artorial tumour ombolism duo to ponotration of 
systemio arterial walls is unlikely and indeed has nover been recorded. 
Arterial tumour ombolism follows direct invasion of tho loft chambers 
of the heart or of pulmonary veins, while passago of tumour cells 
through a patent foramen ovalo is another possiblo route of entry 
for such cells into the arterial system. 

Systemic dissemination of primary or secondary pulmonary 
neoplasms usually occurs through invasion of pulmonary veins, the 
emboli being in most cases of microscopic size. The rarity of emboli 
of macroscopic dimensions is indicated by tho very few recorded 
instances. 

In the case described here, not only was there sudden occlusion 
of a large artery by a large free tumour embolus but its source was 
clearly recognisable at necropsy, when extensive gross permeation 
of pulmonary veins was found. The histological structure of the 
growth resembles that of accepted cases of malignant synovioma and 
the circumscribed appearance of tho primary tumour, which at 
operation was not visibly attached to tho capsule of tho knee joint, 
suggests that it may have been of tendon-sheath or bursal origin. 

Summary 

Following permeation of tributary pulmonary veins by metastases 
of a malignant synovioma of tho knee, gross arterial tumour embolism 
caused obstruction of the left axillary artery in a woman of 64. 
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SMOOTH-MUSCLE TUMOURS OF THE GASTRO¬ 
INTESTINAL TRACT AND RETROPERITONEAL 
TISSUES PRESENTING AS LARGE CYSTIC MASSES 

George Lumb 

The Department of Pathology, Westminster Hospital Medical School, London 

(Plates XX-XXVH) 

Smooth-muscle tumours of tho gastro-intestinal tract and retro¬ 
peritoneal tissues have long been recognised. Noubor (1920) quotes 
Morgagni as being the first to describe a tumour of this kind in the 
stomach in 17G2. Virchow (1863-07) suggested tho subdivision of 
the intestinal cases into submucosal and subsorosal, and a general 
account of the clinico-pathologieal relationships of this group was 
given by Bland-Sutton in 1893. 

The chance finding of small sessile leiomyomata in the bowel wall 
post mortem is uncommon but well recognised. Golden and Stout 
(1941) had 23 in their autopsy serios, an incidence of 0-39 per cent. 
Rieniots (1930) gives the much higher incidence of 16 per cent, in a 
series of 200 autopsies. 

Cases producing clinical symptoms are also well established, but 
rare. There were 30 such in Golden and Stout’B collected series 
covering the period 1913 to 1940 inclusive, wliile Marvin and Walters 
(1948) reviewed 10 malignant cases from the stomach alone, seen 
during the years 1907 to 1940, and point out that in the same period 
10,000 cases of gastric carcinoma were seen in the same clinic, thus 
giving a good idea of tho relative frequency of the condition. 

Most of the tumours described are quite small and solid, arising 
either beneath the mucosa of the bowel and enlarging into the lumen, 
or producing a diffuse tumour in the muscular wall. ■ A minority of 

intestinal cases, however, enlarge outwards into the peritoneal cavity_ 

the so-called exo-enteric or subserous type, and these show a tendency 
to central liquefactive necrosis, so that they como to present as cystic 
tumours. In Golden and Stout’s series, six cases of this exo-enterie 
—or subserous type—are recorded out of the 30 cases reforred to 
above, and of these throe were cystio. Marvin and Walters record 
only two examples of subserous tumours in their series, but it is not 
stated whether these were cystic. 
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The retroperitoneal tumours tend to grow to a larger size than the 
others and, as stated, they also may show cystic degeneration. This, 
however, is an unusual occurrence. Golden and Stout, for example, 
had only nine such cases in their series, which covered a period of 
26J years. In only one of these was the entire tumour available for 
pathological study. In the remaining eight, one was an incidental 
finding at operation and in seven, only biopsy specimens were obtained. 
A further example of a retroperitoneal smooth-muscle tumour was 
recorded by Willis in 1934. 

Thus this group of tumours may be classified from the morbid 
anatomical point of view as follows :— 

1. Gastro-intestinal tract leiomyomas 

(а) Submucous —arising in the wall and extending as a tumour 
into the lumen of the bowel: this variety is nearly always of solid 
type. 

(б) Subserous exo-enteric —arising in the wall and extending into 
the peritoneal space : these tumours are more commonly large and 
show a tendency to cystic degeneration. 

(c) Hour-glass -— a combination of (a) and (6) (fig. 5). 

2. Retroperitoneal leiomyomas 

Tumours arising from smooth muscle in the retroperitoneal tissues 
and showing a tendency to large size and cystic degeneration. 

Type 1 (a) is the most common of these tumours. It may or may not 
be associated with mucosal ulceration. Types 1 (b), 1 (c) and 2 are 
all rare. 

It is the purpose of the present paper to draw attention particularly 
to the relatively unusual group of cases which present as large cystic 
abdominal masses. A description is given of 7 recently observed 
examples, of winch three arose from the stomach, three from the 
jejunum and one from the retroperitoneal tissues. 

Case eepobts 

Case 1, A. B., a female aged 60, was seen on 12.3.36, complaining of 
frequency of micturition of three weeks’ duration. On examination a large 
mass was found in the left upper abdomen. A barium meal showed some 
irregularity of outline of the lesser curvature near the pylorus, suggestive of 
its being stretched over a tumour. Laparotomy revealed a large tumour arising 
from the lesser curvature of the pyloric antrum and extending out into the 
lesser omentum. It was removed together with a small area of stomach wall 
surrounding its point of origin. There was no mucosal ulceration. The tumour 
was spherical in shape and 18-5 cm. in broadest diameter; it presented a 
smooth outer surface covered by dilated vessels. On section it was found to be 
cystic, the cavity containing brownish fluid and necrotic debris. The inner 
aspect of the wall presented a shaggy appearance, being made up of irregular, 
brownish, partly necrotic tissue (fig. 1). 

Histology. The tumour is composed principally of spindle cells with demon¬ 
strable myofibrils. There are many areas of degeneration and moderate numbers 
of mitotic figures. 
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Subsequent history. Tlio patient was discharged fit on 4.5.35 and had no 
further abdominal symptoms of any sort. In 194G, 11 years later, at the age 
of 71, sho had a cerebral thrombosis from which sho recovered, but died on 
12.7.49 from a second cerebral vascular catastrophe. Thus she survived hor 
abdominal operation for 14 years and died, aged 74, as n result of ft condition 
in no way referable to hor abdominal tumour. 

Case 2. L.B., ft female aged 5G, was seen in November 1032, complaining 
of pain in tho back. A tumour was palpated in the abdomen. Laparotomy 
revealed a cystic mass, considered to bo inoperable, in tho epigastrium. A 
biopsy was taken and on histological examination a diagnosis of spindle-cell 
sarcoma was made. The patient continued in good health without loss of 
weight for one year, after which the mass increased in size. A socond laparatomy 
was performed with a view to investigating tho possibility of inserting radium 
seeds into the mass. At operation this was considered to bo impracticable and 
the abdomen was closed. Tho patient developed bronchopnoumonift post- 
oporatively and died. At post-mortem examination on 12.2.34 a massive 
lobulated cystic tumour nrising from tho posterior wall of tho mid-zone of the 
stomach was found (figs. 2 and 3). Tho mass extended upwards between the 
layers of tho lesser omentum, then downwards bohind tho peritoneum with 
all the layers of tho greater omentum lying anterior to it. Distended veins 
covered its surface, and on cutting it open a cystic cavity communicating with 
the lumen of the stomach was rovealed (fig. 3). Tho cause of death was oxtensive 
bronchopneumonia and myocardial degenoration. 

Histology. The tumour is made up of spindle colls of smooth-muscle origin 
which show a marked tendency to interlace. Thero aro also many areas of 
undifferentiated cells. Mitotic figures aro not a featuro. 

Case 3. W. N., tv mnlo aged 58, was seen on G.G.49, complaining of colicky 
pains in the right lower abdominal quadrant of 9 weeks’ duration. On examina¬ 
tion ho was in good health, but his waist circumfcrenco was 45 inches, although 
it was impossible to dofino any tumour boundaries. At laparotomy a huge 
cystic tumour was found arising from tho anterior surface of tho lessor curvature 
of the stomach and filling tho abdomen from diaphragm to pelvis. It was 
growing between tho two anterior layers of the greater omentum and was 
attached to the diaphragm and adjoining mesentery (fig. 4). It was removed, 
together with a portion of stomach measuring 4x3 cm. There was an area of 
mucosal ulceration in relation to tho tumour, and a probo passed into tho crater 
communicated with tho central necrotic cavity of tho mass. The specimen 
measured 42*5 cm. in long diameter and contained 7 litres of brownish 
fluid. Its outer Burface was smooth except where attachments had been 
divided. On section the wall was thin and rather friable, and thero were 
numerous shaggy necrotic projections extending into the central cavity. 

Histology. The tumour is composed of spindle cells with myofibrils and 
numerous mitotic figures. Many giant forms and bizarre cell patterns are 
also seen. There is a tendency to “ regimentation ” of nuclei and considerable 
cell degeneration has occurred. 

Subsequent history. The patient was discharged fit and well 11 days after 
operation, with a waist circumference of 34 inches. Three months later he 
returned with abdominal distension and at laparotomy multiple peritoneal 
metastases were found, scattered throughout the abdominal cavity, with a 
histological picture identical with that of the original tumour. No blood-borne 
metastases were discovered. The patient’s general health deteriorated rapidly 
and he died as a result of bronchopneumonia and intestinal obstruction. There 
was no autopsy. 

Case 4. F. P., a female aged G5, was seen on 4.1.49 complaining of abdominal 
swelling and loss of weight for one year, with abdominal pain of sudden onset, 
constipation and vomiting for 24 hours. On examination the abdomen was 
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The retroperitoneal tumours tend to grow to a larger size than the 
others and, as stated, they also may show cystic degeneration. This, 
however, is an unusual occurrence. Golden and Stout, for example, 
had only nine such cases in their series, which covered a period of 
26J- years. In only one of these was the entire tumour available for 
pathological stucfy. In the remaining eight, one was an incidental 
finding at operation and in seven, only biopsy specimens were obtained. 
A further example of a retroperitoneal smooth-muscle tumour was 
recorded by Willis in 1934. 

Thus this group of tumours may be classified from the morbid 
anatomical point of view as follows :— 

1. Gastro-intestinal tract leiomyomas 

(a) Submucous —arising in the wall and extending as a tumour 
into the lumen of the bowel: this variety is nearly always of solid 
type. 

(b) Subserous exo-enteric —arising in the wall and extending into 
the peritoneal space : these tumours are more commonly large and 
show a tendency to cystic degeneration. 

(c) Hour-glass —a combination of (a) and (b) (fig. 5). 

2. Retroperitoneal leiomyomas 

Tumours arising from smooth muscle in the retroperitoneal tissues 
and showing a tendency to large size and cystic degeneration. 

Type 1 (a) is the most common of these tumours. It may or may not 
be associated with mucosal ulceration. Types 1 (b), 1 (c) and 2 are 
all rare. 

It is the purpose of the present paper to draw attention particularly 
to the relatively unusual group of cases which present as large cystic 
abdominal masses. A description is given of 7 recently observed 
examples, of which three arose from the stomach, three from the 
jejunum and one from the retroperitoneal tissues. 

Case reports 

Case 1. A. B., a female aged 60, was seen on 12.3.35, complaining of 
frequency of micturition of three weeks’ duration. On examination a large 
mass was found in the left upper abdomen. A barium meal showed some 
irregularity of outline of the lesser curvature near the pylorus, suggestive of 
its being stretched over a tumour. Laparotomy revealed a large tumour arising 
from the lesser curvature of the pyloric antrum and extending out into the 
lesser omentum. It was removed together with a small area of stomach wall 
surrounding its point of origin. There was no mucosal ulceration. The tumour 
was spherical in shape and 18-5 cm. in broadest diameter ; it presented a 
smooth outer surface covered by dilated vessels. On section it was found to be 
cystic, the cavity containing brownish fluid and necrotic debris. The inner 
aspect of the wall presented a shaggy appearance, being made up of irregular, 
brownish, partly necrotic tissue (fig. 1). 

Histology. The tumour is composed principally of spindle cells with demon¬ 
strable myofibrils. There are many areas of degeneration and moderate numbers 
of mitotic figures. 
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this period. On examination no abnormalities wero discovered other than a 
round tense mobile swelling in the left iliac fossa, which was hyper-resonant on 
percussion. Plain X-ray examination of the abdomen indicated that tho mass 
contained nir. At laparotomy a largo moss was found arising from a loop of 
jejunum. It was firmly aderent anteriorly to the posterior wall of the bladder 
and laterally had invaded the wall of an adjoining loop of bowel. The surface 
of the tumour was lobulnted and covered by distended veins. On section an 
“ hour-glass ” tumour was revealed (fig. C), with a small portion projecting 
into tho lumen of the bowel and a largo cystic tumour, the cavity of •which 
communicated with tho jejunum at its point of origin, passing between tho 
layers of the mesentery. Tho inner aspect of tho cystic portion was shaggy 
and its contents consisted of necrotic dobris and foul-smelling yellowish-brown 
fluid. 

Histology. A spindle-cell tumour of smooth-muscle origin, with considerable 
cellular variation. Mitotic figures are numerous, and thero is infiltration of 
the serous and muscular coats of the adjacent loop of jejunum. 

Subsequent history. Tho patient made an uneventful recovery and -was 
discharged fit and well and putting on weight. When last seen on 8.8.50 lie 
was symptom-free. 

Case 6. A. H., a female aged 45, was seen in 1937, with vague abdominal 
pain. On examination a tumour could be palpated in tho right hypochondrium. 
Laparotomy revealed a tumour arising from a loop of jejunum. Both tumour 
and loop of bowel were resected. The specimen showed a cystic tumour arising 
in the wail of the jejunum and enlarging outwards between the layers of the 
mesentery (fig. 7). A point of communication between tho bowel lumen and 
tho necrotic centre of the mass was demonstrated (fig. 8), but no “ hour-glass ” 
formation was evident. Tho outer surface of tho mass was covered -with 
distended veins and section showed tho central cavity to be lined by shaggy 
necrotic material. 

Histology. Tho tumour is composed of interlacing smooth-muscle fibres. 
Two days after operation the patient collnpsed and died. At autopsy, tho 
cause of death was found to be hremorrhnge from tho operation site. There 
were no metastases and no other evidence of disease. 

Case 7. W. J. S., a male aged 36, complained of a painless abdominal 
swelling first noticed four years previously. Laparotomy revealed a large 
cystic retroperitoneal tumour arising from the pelvis and adherent to the sacrum. 
It was stripped off the sacrum and Temoved. The specimen was roughly spherical 
measuring 16 cm. in diameter. It had a smooth outer surface and a firm wall 
1-5 cm. thick. It contained brownish fluid and necrotic debris, ond the inner 
surface, although smoother than in the other specimens in this series, showed 
friable brownish projections of the type so characteristic of this group of 
tumours. 

Histology. The tumour is composed of spindle cells of smooth-muscle type, 
with some fibrous tissue substrata. Mitotic figures, giant cells and areas of 
degeneration and hcemorrhage are seen. 

Subsequent history. The patient was discharged fit and well and wher t last 
seen on 6.8.60 was still free from symptoms. 

To summarise, therefore, seven cases of smooth-muscle tumour 
are described -which presented simply as large abdominal swellings 
without localising signs or symptoms. Each was surgically remov¬ 
able, although certain operative difficulties were experienced. There 
was no evidence of metastatic spread except in case 3, and in case 5 
there was infiltration by the tumour into a neighbouring loop of 
bowel. 4 
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Discussion 

Macroscopic appearances. As has already been said, the majority 
of the smooth-muscle tumours which arise in the gastro-intestinal 
tract, and especially those found at autopsy, consist of single, small 
firm masses. Multiple growths are rare (Marvin and Walters). The 
subserous group and those arising in the retroperitoneal tissues differ 
from this description in that they tend to grow to a large size and 
to undergo central cystic change owing to colliquative necrosis. 

The wall of the tumour varies in thickness according to the degree 
of central necrosis, becoming very thin and friable when this process 
is advanced. Peritoneal metastasis may occur from such a tumour, 
following rupture (Holta, 1943 ; and see case 3). 

The outer surface of the mass is smooth and lobulated (fig. 2) 
and frequently covered by numerous distended blood vessels. There 
is a notable tendency for attachments to form between the outer 
wall of the tumour, which is lying retroperitoneally (fig. 4), and either 
the mesentery or adjacent organs (cases 3-6). It is interesting to 
note that the rare occurrence of attachment to lumbo-sacral vertebrae 
by a retroperitoneal tumour was seen in case 7. In a search of the 
literature this feature was found recorded on two occasions only 
(Magoun, 1919 ; Golden and Stout, 1941, case 29). 

The inner surface of the wall of these tumours is characteristically 
rough and shaggy, the irregular appearance being due to numerous 
projections of friable brownish necrotic tumour tissue (figs. 1 and 3). 

The central cavity contains varying quantities of brownish fluid 
made up of liquefied necrotic material and altered blood. The amount 
of fluid may be large—7 litres (1-| gallons) in case 3. In cases 4 and 7, 
the cysts had to be partially evacuated at operation before it became 
possible to remove them. 

Site of origin. It seems certain that, in common with all other 
smooth-muscle tumours of the bowel, the group under discussion 
arises from the external muscular coat, while the retroperitoneal 
tumours originate in small scattered areas of unstriped muscle lying 
in the loose connective tissue of the retroperitoneal region. 

In the bowel tumours here recorded, it was always possible to 
observe the muscularis mucosae stretched over the mass, between 
it and the mucosa, except of course in areas where ulceration had 
occurred. 

In cases 4 and 5, which produced “ hour-glass ” tumours of the 
jejunum, an interesting picture was observed. Here it was possible 
to find a layer of normal smooth muscle running between the sub¬ 
mucous part of the growth and the large cystic subserous mass, while 
the histological picture of the two portions was identical. When 
sections were cut at different levels through the tumour, this layer of 
muscle was absent in one zone, and it seems probable that in each 
case the tumour commenced in the outer layers of external muscular 
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Fig 3 —Cut surface of tumour from case 2, showing origin from 
stomach wall xf 
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Smootii-muscle tumours or intestine 



Fiq. fl.—“Hour-glass” tumour from cnso 4, showing a small part of tho jejunum 
in tho upper part of the photograph, and part of the cyst wall in the lower linlf. 






j. vatu, bact — vol. LXitr 


Plate XXIV 


Smooth-muscle tumours of intestine 



Fio. 7.—Cut surfaco of tumour from caso G, shoving enlargement into the mesentery and necrotic 
cnvitated interior. Part of the intestinal vail is seen on the right of tho specimen. Xl*2. 



Pig. 8.—Mucosal surface of bowel to show communication with the necrotic interior of 
tho tumour ; caso G. x 1*25. 
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Smooth-muscle tumours or intestine 



Fig. 11.—Lipoid degeneration of cytoplasm in an area of undifferentiated cells ; 
case 4. H. and E. x 150. 
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Smootji-muscix tumours of INTI STINE 



Fjo. 13.—Area of undifferentiated cells ; caso 1. H. and E. x 150. 



Fig. 14.—Mitotic figures in an area of acti\e Fio. 15.—High-power view of mitotic figure 

cell growth; case 3. H. and E. x 240. m an area of undifferentiated cells; caso 5. 

H,and E. X800. 
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coat and burst through the inner layers only over a limited area to 
produce the submucosal tumour, thoroby forming an even narrower 
nook to the “ hour-glass ” than was apparent macroscopically. 

Microscopic appearances. Tho tumours are composed of bundles 
of spindle cells, sometimes interlacing (fig. 9), in which myofibrils 
can bo demonstrated (fig. 10). Considorablo variation in cell typo is 
scon throughout all smooth-muscle tumours of tho bowel, but in the 
subseroi's group, where the tendency to degeneration is greater, this 
variability is oven more marked. Thus areas of degenerating cells 
undergoing fatty breakdown with formation of lipoid globules in the 
cytoplasm are frequent (fig. 11). Conncctivo-tissue substrate is not 
a feature, but fibrous strands may be soon between tho musclo-fibro 
groups, and in tho degenerating portions there are often cellular 
myxoid areas. 

There is a striking tendenoy for colls to align themselvos so as to 
produce the appearance of nuclear “ regimentation ” or palisading 
(fig. 12). This fact, together with the degenerative changes described 
above, which in certain circumstances simulate those of the typo-B 
tissue of tho nourilemmoma, has causod doubt as to whethor these 
tumours of bowol and retroperitoneal tissuos arise in fact from smooth 
muscle or from nourilomma cells. The demonstration of myofibrils 
in the cells seems, liowovor, to prove their origin, while tho absence 
of a capsule betwoon the tumour and tho muscularis mucosas is 
another feature in favour of a smooth-muscle origin, for a well-formed 
capsule is an almost constant feature of tho neurilemmoma. 

Most authors are now agreed that tumours of tho type hero 
described are of smooth-muscle origin, and Stout (1935; Golden 
and Stout, 1941) has oven reclassified three tumours as leiomyomata 
which he had originally described under the title of neurilemmoma. 

Features of malignancy. The question of microscopic evidonce of 
malignanoy has given rise to considerable discussion. It is a feature 
of the bowol tumours to show a gradual merging or interlacing of 
their cells with the normal muscle fibres of the muscularis mucosae, 
a finding which might be taken to indicate infiltration and therefore 
malignanoy and has been interpreted in this manner by some authors 
(Schindler et al., 194G). However, it is almost always possible to 
demonstrate this phenomenon, oven in the small intramural masses 
where no question of malignanoy arises ; it would seem wrong, 
therefore, to regard it as evidence of invasiveness. 

Areas of undifferentiated cells are also found (fig. 13), but the 
tendoncy to degeneration described above gives rise to bizarre and 
apparently undifferentiated cell types, which may at first sight bo 
thought malignant. In realisation of those difficulties most authors 
have tended to agree with the suggestion of Lemon and Broders (1942) 
that the finding of mitotic figures is sufficient proof of malignancy. 
Certainly if relatively large numbers of mitotic figures are found, those 
must be regarded as histological evidence of increased growth activity 
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and as indicating the likelihood of malignancy (figs. 14 and 15). The 
converse, however, is not true, for, while it is considered that an 
occasional mitotic figure is no proof of malignancy, it must be admitted 
that among the rare examples of metastasis of smooth-muscle bowel 
tumours are cases where the primary growth was completely differ¬ 
entiated (Hunt, 1923 ; Demel, 1926 ; Melnick, 1932). 

Thus bizarre cell patterns and apparent invasiveness are not 
necessarily indicative of malignancy, while on the other hand rare 
examples of metastasis from completely differentiated tumours are 
recorded. For these reasons only a general impression can be formed 
and a guarded prognosis given on histological grounds, and in view 
of the fact that examples of metastasis are rare, it is felt that the 
recommendation supported by Golden and Stout, to abandon the 
term leiomyosarcoma with its suggestion of clear-cut malignancy, is 
sound; and it is proposed to describe these tumours simply as 
leiomyomata, histologically either well or poorly differentiated. Thus 
all seven of the cases here described fall into the group of leiomyoma 
histologically poorly differentiated, in view of their anaplastic cellular 
make-up, active cellular division as evidenced by mitotic figures, 
very large size with central necrotic breakdown and tendency to invade 
surrounding structures. Metastasis, however, occurred only in case 3, 
where there was extensive peritoneal spread. In case 1 the patient 
lived for 14 years after operation without further symptoms, before 
djung of a cerebral vascular catastrophe at the age of 74. 

Metastasis. The incidence of metastasis is somewhat difficult to 
assess. Golden and Stout give the figure of 30 per cent, for malignant 
cases while Pack and McNeer (1935) put it at 33 per cent. On the 
other hand, Marvin and Walters give 12 per cent, and Schindler et al. 
15 per cent. 

It seems clear that this apparent discrepancy arises out of the 
difficulty of histological criteria of malignancy. Thus the higher an 
author puts his proportion of malignant cases, the lower will be the 
percentage showing metastasis. It may be of some value therefore 
to quote actual figures for metastasis in all cases of unstriped-muscle 
tumours of the gut, without any attempt at subdivision into benign 
and malignant. Thus in Golden and Stout’s series of 51 cases from 
the gastro-intestinal tract, there were three which showed metastasis, 
while of the 9 cases of retroperitoneal tumours reported by these 
authors, three showed metastasis. The value of this latter figure, 
however, is somewhat vitiated by the fact that in only one of these 
cases was the whole tumour available for study, and also that this 
was the only case on which an autopsy was performed. 

It may be said, therefore, that metastasis is a rare event, but 
that it does occur from time to time ; hence generalisation on the 
subject of prognosis is difficult if not impossible, and each case must 
be followed up carefully and treated on its merits. 
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Summary 

1. Seven cases of largo cystic smooth-muscle tumours of the 
gastro-intestinal tract (6 cases) and retroperitoneal tissues (1 case) 
are presented. 

2. In every instance the complete absonco of symptoms directly 
referable to the tumour is noted, and the bizarre character of the 
clinical picture is stressed. 

3. The difficulty of assessing possible malignancy by histological 
means is discussed. 

4. Prognosis based on the histology of these tumours must be 
guarded, and careful follow-up of all cases is not only in the best 
interest of the individual patient, but may also serve to throw light 
on the difficult question of the criteria of malignancy in general. 

My grateful thanks aro due to Prof, R. J. V. Pnlvertaft for his encourage¬ 
ment, to Sir Ernest Rock Carling, Sir Stanford Cade and Mr G. T. Mullaly 
for making available the clinical records of the cases under their care, and to 
Dr Peter Hansell of the department of clinical photography, Westminster 
Hospital. 
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A METHOD FOR OBTAINING ACCURATE AND 
REPRODUCIBLE RESULTS IN EXPERIMENTS 
ON PHAGOCYTOSIS 

G. E. Davies 

From the Biological Laboratories of Imperial Chemical Industries Limited, 
Hexagon House, Blackley, Manchester 

The opsonic technique has been largely abandoned in recent years, 
mainly because of the difficulty of obtaining reproducible quantitative 
results. Most authors have mentioned this difficulty: thus, Gordon 
and Atkin (1938) wrote (p. 206) " . . . phagocytosis experiments do 
not lond themselves to definite quantitative measurements . . 

In consequence, Gordon and Atkin contented thomsolvos with demon¬ 
strating gross effects. For the work we had in mmd, namely a study 
of the action of chemical compounds on phagocytosis of staphylococci 
by human leucocytes, the more demonstration of gross effects was 
useless. By the technique described in this paper, however, wo have 
been able to obtain reproducible quantitative results. Since by slight 
modifications it can bo adapted to the study of many other problems 
connected with phagocytosis, we feel that it may be of some interest. 

Materials and methods 
Bacterial suspension 

The aim was to obtain a suspension of bacteria which would, as far as 
possible, consist of individual colls in constant numbers from day to day. This 
was achieved as follows •— 

The afternoon before a test, 0 5 ml of a 24-hour broth culture of the organism 
is pipetted on to the surface of 6 ml. of sterile nutrient agar contained m a 50 ml 
conical Pyrex flask After tilting to allow the liquid to spread evenly over the 
surface of the agar, the flask is incubated at 37° C On tho following morning, 
10 ml. of sterile saline and about 200 glass beads 2 mm. in diameter are added 
and the growth suspended and homogenised by rotating the flask by hand for 
5 minutes. With any particular strain of organism the results of i lable counts 
on suspensions prepared in this manner are fairly constant from day to day. 
The viablo counts obtained with a strain of Staphylococcus aureus on six occasions 
are shown in table I. Table H shows that 85 97 per cent of the colls occur 
singly or in pairs as shown by stamed films Some experiments earned out 
using autoclaved suspensions of bacteria were unsatisfactory, m that autoclaving 
caused the cells to clump and to stain less readily. 

Preparation of leucocytes 

After a series of preliminary experiments, using animal leucocytes obtained 
in various ways, it was found that human leucocytes were preferable since 
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they are bigger and stain better, and are more easily recognisable than those 
of the mouse, guinea-pig or rabbit. To avoid agglomeration of leucocytes 
caused by the clotting of plasma in the presence of coagulase-producing staphylo- 

Table I 

Reproducibility of viable counts of Staph. “ Dodd ” from day to day 


Date of expt. 

Xo. of viatic bacteria per ml. 

4.5.49 

3,510,000 

5.5.49 

2,595,000 

6.5.49 

3,460,000 

27.5.49 

3,400,000 

1.6.49 

4,590,000 

4.6.49 

2,500,000 


Table II 

Size of bacterial aggregates after suspensions had been rotated with 
glass beads (approximately 200 groups of cells counted ) 


Percentage distribution of groups in successive experiments 


Xo. of 
cells 
per 
group 

Staph. (Dodd) 

Staph. X 

1 

2 

3 

4 

5 

0 

. 

1 

2 

3 

4 

5 

i 

41 

5 

45-5 

43-6 

44-5 

46*5 

46-5 

36-0 

30-5 

34-5 

32-0 

39-0 

2 

55 

5 

50-5 

50-5 

49-6 

47-5 

47-0 

67-5 

62-0 

55-0 

63-0 

48-0 

3 

1 

5 

2-0 

4-0 

4-0 

5-5 

5-5 

2-5 

2-5 

5-0 

6-5 

4-5 

4 

1 

0 

1-5 

1*0 

1-5 

0-5 

1-0 

2-5 

3-6 

4-5 

5-0 

5-5 

5 

t , 


0-5 

0-5 

... 

... 


0-5 

1*0 

0*5 

... 

1*0 

6 

0 

5 


... 

... 

... 

... 

0-5 


... 

1-0 

0-5 

7 



... 

... 

... 

... 

... 

... 

... 

... 

0-5 

0-5 

8 




... 

... 

... 

... 

... 

... 

... 

0-5 

0-5 

9 



... 

0-5 

... 

... 


... 

... 

0-5 

0-5 

... 

10 



... 

... 


... 

... 

0-5 

... 

... 

... 


11 



... 

... 

... 

... 

... 

... 


... 

... 

0-5 

12 




... 

0-5 

... 






... 

13 





... 

... 

... 

... 

6-5 


... 

... 

14 


* 

... 


... 

... 

... 


... 


i-o 



cocci, we used defibrinated blood collected in the apparatus shown in fig. 1. 
This consists of a small glass tube fitted with a siphon and U-shaped glass 
stirring-rod, one arm of which protrudes well above the top of the tube. 

Blood is obtained by means of Wright’s “ sliver-pricker ” (Wright, 1941-42), 
The drop of blood having been obtained, the siphon is applied to it and sufficient 
blood allowed to flow into the tube. The siphon is then withdrawn and the 
stirrer twirled between the finger and thumb until defibrination is complete; 
not less than 2 minutes should be allowed for this to happen. The start of 
defibrination is shown by an increased frothing of the blood. 


Preparation of mixture of leucocytes and bacteria 

Capillary tubes as recommended by Wright and Colebrook (1921) were 
chosen in preference to other types of tubes because they require only small 
amounts of blood. Tubes internally coated with paraffin-wax are used to avoid 
loss of leucocytes caused by their adherence to the walls of the tube. 
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To prepare the mixture of blood and bacteria a rubber teat is fitted t<? the 
end of a Pasteur pipotto internally coated with paraffin wax, and a mark rnade 
with grease pencil at a point about f in from the distal end of the capillary. 
Defibrmated blood is drawn up to this mark and then a bubble of air allied 
to enter A second volumo of blood and one \ olume of bacteria, suspended 
either m saline or in a solution m saline of the compound being tested, are nlso 
introduced, each portion being separated from the next by a bubble of air * 
The contents of the pipette are then expelled on to n microscope slide cc/ated 
with paraffin wax and mixed by draw ing 
them into and expelling them from the 
pipette fi\ e times Finally the liquid is 
■drawn well up into the capillary and the tip 
of the latter sealed in the pilot flame of a 
Bunsen Control experiments showed that 
no measurable phagocytosis happened during 
preparation of the tubes 

Incubation of the mixtures 

The temperature of incubation (37° C ) 
being an obvious choice, it remained for us 
to consider whether the tubes should remain 
stationary or bo rotated Rotation results 
in a greater amount of phagocytosis but with 
staphylococci under the conditions described, 
adequate phagocytosis occurs if the tubes 
are left untouched for 30 minutes 

Preparation of films and staining 

The sealed end of the capillary is broken 
off, a rubber teat fitted to the barrel and 
the contents mixed on a paraffined slide as 
before Drops of the mixture are then placed 
on clean microscope slides and films spread 
with the aid of the concave edged spreader 
described by Wright and Colebrook A rapid 
pushing action is used when spreading m 
order to obtain a film of suitable thickness 
The films are rapidly dried m air, fixed in 
methanol for 2 minutes and stained for 45 
minutes in 1 m 50 Giemsa ^ stain (Gurr’s Fio 1 —Apparatus for collating 
Improved Giemsa Stain R 06) in pH 7 buffer and defibrmating small quan 
They are then washed m buffer solution titles of blood x 2 
and allowed to dry without blotting This 

method of spreading and staining results m largo, well stained leucocytes 
Bactona are easily differentiated from leucocytic granules by their deeper blue 
stain As manj as 80 cocci have been counted in one leucocyte 

Estimation of the amount of phagocytosis 

The slides are examined with a 1/12 in oil immersion lens Tifty neutrophilic 
polymorphs are observed and the number of bacteria present in each is 
recorded Although neutrophils were the only cells used m the investigation, 
eosinophils were frequently seen to contain bacteria 
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number than would be expected from purely chance causes. This 
indicates either that leucocytes vary considerably in their ability to 

Tabbe VI 


Means and variances of the results of typical experiments 
with the bacteria suspended in saline 


Blood 

Bacteria 

Xo. of slides 

Mean no. of 
bacteria per 
leucocyte 

Variance 

Coefficient of variation 

per leucocyte 
(per cent.) 

of mean per 
slide 

(per cent.) 

GED 

Staph. I 

2 

13-3 

64-1 

60 

8-5 

BYB 


3 

20-6 

70-4 

41 

5-8 

GED 


3 

18-8 

204-9 

76 

10-7 

GED 

Staph. B 

3 

14-0 

44-9 

48 

6-8 

BYB 


3 

9-5 

55-9 

79 

11-2 

GED 

Staph. E 

4 

14-2 

86-7 

66 

9-3 

BYB 

ft 

4 

10-3 

70-6 

82 

11-6 


engulf bacteria, that the bacteria tend to agglutinate, or that when 
a leucocyte has engulfed a bacterium its ability to engulf other bacteria 
is increased thereby, or to some combination of these causes. 

Large variations in both the mean and the variance occur from 
one control experiment to another. When the standard deviation 
is plotted against the mean for each slide in the whole of the data, 
it is seen that the standard deviation tends to increase linearly with 
increases in the mean (fig. 2). This indicates that the coefficient of 
variation (that is, the standard deviation expressed as a percentage 
of the mean) is a more appropriate measure of the variation than the 
standard deviation. Selected values of the coefficient of variation 
are included in table VI together with the coefficient of variation of 
the mean per slide, which is the former value divided by \/ 50, 
50 being the number of leucocytes counted per slide. 

Examination of a large number of tests in this laboratory shows 
that there is no evidence of real variability between slides from the 
same capillary tube and between tribes treated alike in the same 
experiment. It does not necessarily follow that this is universally 
applicable and it is recommended that two tubes and two slides 
per tube be taken for each drug and each control: this represents 
the normal experiment in this laboratory. Such data are readily 
amenable to the “ Analysis of Variance.” The coefficient of variation 
of the mean per slide varies from about 5 to 12 per cent, but is usually 
between 7 and 9 per cent, in the experiments carried out in this 
laboratory. This is used as a guide to the order of accuracy that 
can be achieved. Other laboratories may obtain different values for 
the coefficient of variation, but if the experiment is carried out as 
recommended above, a valid estimate of the experimental error may 
be obtained from each experiment. 

If v per cent, is the coefficient of variation of the mean per slide, 
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the coefficient of variation of the mean over the two tubes, with two 
slides per tube is u/2 per cent, since in our experiments thoro was no 
ovidonce of variation caused by the preparation of the tubes or the 
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slides. From this we may readily dorivo the probable limits of error 
of the phagocytic coefficient, which is defined as :— 

Average no. of bacteria ingested by one polymorph in test solution. 
Average no. of bacteria ingested by one polymorph in saline. 
Table VET 


95 per cent, limits of error of the phagocytic coefficient 


Set-up 

Coefficient of variation or 
mean per slide == r per cent. 

5 per 
cent. 

8 per 
cent. 

12 per 
cent. 

Ono tube ; 2 slides 

Upper limit {1+2t>/100) 

1*10 

1-1G 

1*24 

per tube 

Lower limit 1/(1-f2u/l 00) 

0-91 

0-8G 

0*81 

2 tubo9; 2 slides 

Upper timit (1+W2/100) 

1-07 

Ml 

M7 

per tube 

Lower limit 1/(1 -fvi/2/100) . 

0-93 

0-90 

0-85 

m tubes n elides 

Upper limit 1 +2vV 2/100 Vrnh 




per tube 

Lower limit 1/(1+ 2vV 2/100 y/mn . 
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number than would be expected from purely chance causes. This 
indicates either that leucocytes vary considerably in their ability to 


Table VI 

Means and variances of the results of typical experiments 
with the bacteria suspended in saline 


Blood 

Bacteria 

Xo. of slides 

Mean no. of 
bacteria per 
leucocyte 

Variance 

Coefficient of variation 

per leucocyte 
(per cent.) 

of mean per 
slide 

(per cent.) 

GED 

Staph. I 

2 

13-3 

64-1 

60 

8-6 

BYB 


3 

20-6 

70-4 

41 

5-8 

GED 


3 

18-8 

204-9 

76 

10-7 

GED 

Staph. B 

3 

14-0 

44-9 

48 

6-8 

BYB 


3 

9-5 

55-9 

79 

11-2 

GED 

Staph. E 

4 

14-2 

86-7 

66 

9-3 

BYB 

» 

4 

10-3 

70-6 

82 

11-6 


engulf bacteria, that the bacteria tend to agglutinate, or that when 
a leucocyte has engulfed a bacterium its ability to engulf other bacteria 
is increased thereby, or to some combination of these causes. 

Large variations in both the mean and the variance occur from 
one control experiment to another. When the standard deviation 
is plotted against the mean for each slide in the whole of the data, 
it is seen that the standard deviation tends to increase linearly with 
increases in the mean (fig. 2). This indicates that the coefficient of 
variation (that is, the standard deviation expressed as a percentage 
of the mean) is a more appropriate measure of the variation than the 
standard deviation. Selected values of the coefficient of variation 
are included in table VI together with the coefficient of variation of 
the mean per slide, which is the former value divided by ^50, 
SO being the number of leucocytes counted per slide. 

Examination of a large number of tests in this laboratory shows 
that there is no evidence of real variability between slides from the 
same capillary tube and between tubes treated alike in the same 
experiment. It does not necessarily follow that this is universally 
applicable and it is recommended that two tubes and two slides 
per tube be taken for each drug and each control: this represents 
the normal experiment in this laboratory. Such data are readily 
amenable to the “ Analysis of Variance.” The coefficient of variation 
of the mean per slide varies from about 5 to 12 per cent, but is usually 
between 7 and 9 per cent, in the experiments carried out in this 
laboratory. This is used as a guide to the order of accuracy that 
can be achieved. Other laboratories may obtain different values for 
the coefficient of variation, but if the experiment is carried out as 
recommended above, a valid estimate of the experimental error may 
be obtained from each experiment. 

If v per cent, is the coefficient of variation of the mean per slide, 
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COLUMNAR CILIATED EPITHELIUM IN THE 
ADULT OESOPHAGUS 

C Raeburn 

From the Central Histological Laboratory, Whittington Hospital, London 
(Plate XXVIII) 

The oesophagus of the 2 mm ombrjo is lined by a singlo layer of cubical 
or columnar entodermal cells , beneath this a basal la> er of cubical or spheroida: 
cells gradually forms and is complete at tho 4 mm stago Tlie superficial colb 
become more columnar, at 30 mm cilia appear, and by tho 05 mm stago (eleven 
weeks) tho entire oesophageal lining is ciliated Gl> cogen containing vesiculai 
cells now appear in tho basal lajer , these gradually develop into squamour 
cells and, pan passu with their grow th, the columnar cells atrophy and desquamate 
and tho mature stratified squamous lining is completed about the 210 mm 
(twentj four weeks) stage (Maximow and Bloom, 1942 , Patton, 1940) 

It would not be surprising if arena of columnar epithelium persisted, but 
the only recorded instance is that of a seven months’ foetus (Healey, 1919 20). 
It has not been reported hitherto in tho adult 

Case report 

A woman of 35 died after a brief hyperpyrexial illness thought to be 
fulminating meningococcal meningitis Tho positive autopsy findings were 
confined to the brain, pituitary and oesophagus 

Brain Tho convolutions wero flattened and a pronounced cerobello 
medullary pressure cone was present The entire ventricular system was 
dilated, particularly tho left lateral ventricle, into which bulged a slightly 
nodular mass 3 cm in diameter, which on section was seen to arise in the tail 
of the caudate nucleus It contained small cysts and foci of calcification 

Pituitary A discrete yellow nodule 0 3 cm in diameter was present in 
the anterior lobe and the pars intermedia contamod a colloid cyst 0 2 cm in 
diameter 

(Esophagus Tho lower half of tho cesophageal mucosa exhibited irregular 
and elliptical, purplo coloured and slight!} recessed areas ranging from nbout 
0 2 to 2 cm in diameter The surface of theso areas had a velvety texture 
and at the time it was thought that they might bo composed of gastric mucU^a 


Histology 

The cerebral neoplasm is a well differentiated astrocytic glioma The 
anterior lobe of tho pituitary contains an area, mainly of chromophobe cells 
but with groups of eosinophil and a few basophil cells, which, though compact 
and well demarcated macroscopically, histologically merges with the surrounding 
glandular tissue and is not encapsulated It is a malformation rather than a 
true adenoma 
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The unusual appearance of the oesophagus is due to the presence of islands 
of ciliated columnar epithelium resting on a basal layer of ovoid cells with 
more densely staining nuclei and clear cytoplasm (fig.). Best’s glycogen stain 
gives a negative result but Mayer’s muci-carmine stain shows the presence of 
mucin droplets in both basal and columnar cells. The transition from squamous 
to columnar epithelium has been largely destroyed by post-mortem desquama¬ 
tion but fragments of a single layer of cubical epithelium remain at the margins 
of the ciliated plaques. 

This oesophageal anomaly indicates a localised arrest of development and 
consequent persistence of the original embryonic entodermal epithelium. 

Jtfy acknowledgments are due to Dr A. B. Bratton for helpful criticism 
and to Mr G. W. Moore for the photography. 

REFERENCES 

Healey, F. H.1919-20. J. Anat., liv, 180. 

Maximow, A. A., and Bloom, W. 1942. Textbook of histology, 4th ed., 

Philadelphia, p. 396. 

Patten, B. M. 1946. Human embryology, Philadelphia, 

Toronto and London, p. 472. 


6i6.37—002 . 692—053.32 
GUMMA OF THE PANCREAS IN A PREMATURE INFANT 

C. Raeburn 

From the Central Histological Laboratory, Whittington Hospital, 

London 

(Plates XXIX and XXX) 

Congenital syphilitic fibrosis of the pancreas is still occasionally seen but 
a congenital gumma of that organ has always been exceedingly rare. Herxheimer 
(1908) cites three cases, two seen by von Klebs and Birch-Hirschfeld and one 
by Beck. Ghon (1936) mentions the possibility of gumma but gives no reference. 

Clinical history 

During her first pregnancy a woman was found to have a strongly positive 
Wassermann reaction. She failed to receive treatment and spontaneous delivery 
occurred in the thirty-second week of pregnancy. The child had the typical 
skin lesions of pemphigus neonatorum and was immediately treated with 
penicillin. The bulkc healed remarkably well but the general condition of the 
infant deteriorated and it died on the seventh day. 

Necropsy 

The body was that of an emaciated and slightly ocdematous premature 
female infant, 24 lb. in weight, with wizened facies and the flat, slightly crusted, 
dull red scars of healing pemphigus equally distributed over the entire body 
surface ; there was approximately one scar 0-5 cm. in diameter, to each 25 sq. cm. 
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of skin surface. The upper respiratory passages presented no abnormality but 
the lungs, which were percoptibly tough on soction, were deeply congested 
and showed basal bronchopneumonia and small circumscribed areas of atelectasis. 
The foramen ovale and ductus arteriosus were widely patent. The cardin of 
the stomach showed patchy brown discolouration, mainly anteriorly and along 
the proximal third of the greater curvature; in these areas the wall was 
thickened and the mucosa finely granular. Similar thickened and discoloured 
patches occurred in the duodenum in the parts rolated to the pancreas, The 
head of the pancreas appeared as a hard, spherical, fibrous mass 2*6 cm- in 
diameter adherent to the duodenum. This on section proved to bo a polycystic 
gumma with necrotic, semi-purulent, greenish white contents (fig. I). The 
body and tail of tho pancreas were fibrotic. The remaining organs were macro- 
Bcopically normal. 

Histology 

Portions of lung, stomach, duodenum, pancreas, liver, spleen, adrenal and 
kidney were embedded in paraffin and sections stained with lircmatoxylin and 
eosin, iron hrematoxylin and Van Gieson, and Weigort’s stain for elastic fibres. 
In addition portions of liver, adrenal, kidney and pancreas were treated by 
Levaditi’s mothod for spirochrctes. 

All tho organs examined are mdomatous and activo hemopoiesis is present 
in tho sploon. Tho specific lesions occur in some degroo in all those tissues- 
with the exception of tho spleen and adrenal. The pancreatic lesion is a typical 
gummatous necrosis with pericellular fibrosis of tho surviving glandular tissue. 
At tho margin of the necrotic area tho cellular reaction is more pleomorphic 
than in the average gumma, foci of neutrophil leucocytes being mingled with 
plasma colls, lymphocytes and occasional small multinucleated colls. Tho 
process is walled off by dense collagenous tissue in which aro a few miliary 
gummata and scanty glandular olements (fig. 2). Numerous spirochrctes are 
demonstrable in the periphery of the necrotic zone (fig. 3). The duodenum 
is involved by contiguity and miliary gummata aro present in tho submucosa, 
while tho inflammatory cellular exudate permeates tho mucosa itself, including 
tho basal parts of the villi. In tho fundal portion of tho stomach the thickened 
nreas contain many lymphocytes, plasma colls and fibroblasts, obliterative 
arteritis is a prominent feature and minute necroses and mucosal ulcers are 
present (fig. 4). Tho lungs show congestion, partial atelectasis and focal 
bronchopneumonia. There is diffuse, delicate fibrosis, generalised atrophy of 
elastic tissue and prominent arteritis (fig. 5). Tho liver changes aro minimal, 
consisting only of slight fibrosis. Myeloid tissue is present along tho portal tracts 
and there is focal erythropoiesis in tho parenchyma. In tho kidney there is 
endarteritis of occasional interlobular and arcuate arteries, and focal, delicate, 
reticular fibrosis. 

Summary 

A case of congenital syphilis is described with the characteristic lesions in 
lung and kidney, the unusal feature of involvement of tho stomach and duodenum 
and the exceedingly rare gumma of the pancreas. 

My acknowledgments are due to Dr A. B. Bratton for helpful criticism and 
to Mr G. W. Moore for the photography. 
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616.26—007.43—06 : 616.12—007 . 1 

A CARDIAC ABNORMALITY IN THE FCETUS, APPARENTLY RESULT¬ 
ING FROM PREMATURE CLOSURE OF THE FOR AM EN OVALE 
DUE TO PRESSURE OF A DIAPHRAGI^IATIC HERNIA . 

C. Raeburn 

From the Central Histological Laboratory, Whittington Hospital, London 

Tlio individual malformations to be described are in themselves not of great 
rarity but the induction of a cardiac abnormality as a result of a primary 
diaphragmatic defect is possibly of importance in the study of foetal pathology. 


Case report 

The first child of a healthy mother aged 19 years, whose pregnancy and 
delivery were normal, failed to breathe and died within a few minutes. 

Necropsy. The body was that of a full-term female infant weighing 6 lb. 13 oz. 
The chest was barrel-shaped and the abdomen slightly scaphoid. The umbilical 
cord was normal. The left side of the diaphragm was deficient and the thorax 
contained the stomach, spleen and intestines, while the anterior wall of the 
under-developed abdominal cavity rested against the vertebral column. The 
greatly enlarged heart was displaced to the right and the hypoplastic left lung 
was twisted upon its hilum. The thoracic cage and contained viscera, together 
with the thoracic and lumbar vertebrae and all organs down to and including 
the kidneys, were excised and fixed for detailed study. 

Thoracic structures. The left crus and left cupola of the diaphragm were 
absent and the hiatus was occupied by a thin, transparent pleuroperitoneal 
membrane, with a crescentic, thickened anterior border. This membrane was 
invaginated by the abdominal viscera upwards to the left apex of the thoracic 
cavity and medially to the anterior border of the normally developed but 
atelectatic right lung. The lov-er oesophagus deviated to the right to a maximum 
of 2-5 cm. and the inverted stomach, greater curvature uppermost, lay above 
the left lobe of the liver and in contact with the anterior chest wall. The first 
part of the duodenum was flexed round the free border of the right crus of the 
diaphragm, the remainder occupying the normal -position ; but the entire small 
intestine lay in the left half of the thoracic cavity and, behind it, in the para¬ 
vertebral region, lay the caecum and the ascending and transverse colon. The 
spleen had been drawn antero-medially by the displaced stomach and the 
attachment of the pleuroperitoneal membrane on the left side bisected the left 
adrenal, the upper half of which, demarcated by a well-defined groove, thus 
lay within the thoracic cavity. The left lung had failed to develop beyond a 
maximum length of 3-5 cm. and an average thickness of 0-5 cm. and the 
compressed lung tissue provided only the slightest cover for the bronchial 
structures, the edges of the lobes being transparent. This lung had, as a result 
of the pressure of the ascending gut, rotated upon its hilum so that the lower 
lobe passed backwards and upwards and the lung “ apex ” was formed by the 
true posterior margin of the base of the lower lobe compressed into the angle 
between the trachea and the subclavian vessels. The apex of the upper lobe 
had swung anteriorly and downwards and lay in contact with the upper part 
of the left border of the pericardium. This torsion through 180° had reduced 
the left pulmonary artery to a minute irregular slit. The lumina of the left 
pulmonary veins were similarly obstructed and tho lateral wall of the left 
auricle was distorted and displaced medially, thu", diminishing its cavity. The 
foramen ovale persisted as a crescentic valvular slit of small size. The cavity 
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Gumma oi i-anokfam in an intaM' 



Fio. I —Microscopic appcaranto of gumma in head of pancreas. X 1*5. 



Fig. 2.—Gumma of pancreas showing extensive necrosis, fibrosis and a few 
remaining pancreatic tubules Hiemato-'cyhn and eosm. X70. 
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of tlio left ventricle oxtcndod downwards ns a rapidly diminishing eono, 3 cm. 
in length, from a mitral valve 1-6 cm. in circumference and an aortic valve 
0-6 cm in circumferonco. Around this hypoplastic loft vontriclo the myocardium 
avoraged 0-t cm. in thickness (fig,). Tho right vontriclo formed tho entire 
anterior surface and apex of tho heart and was hypertrophied to a thickness 
of 0-4 cm. Tho tricuspid va\vo measured 3*G cm. in circumference, tho pulmonary 
valve 2*0 cm. Tho main pulmonary artery was dilated and hypertrophied 



Fia.—Diagrammatic representation of the multiple dofects of the heart. L.Y. Hypo* 
plastic loft ventricle. A. Hypoplastic aorta. R.V. Enlarged right vontriclo. 
P.D. Pulmonary nrtery-ductus arteriosus trunk showing the orifices of tho 
pulmonary arteries: right, normal; left, minuto. 

and the diameter of the right pulmonary artery was 0*25 cm., that of the 
distorted loft pulmonary artery not more than 0*1 cm. The ductus arteriosus 
diminished from 1*G cm. in circumference at its origin to 1*1 cm. at its termina¬ 
tion. The circumference of tho aorta proximal to tho ductus wa3 0*8 cm. and 
immediately distal to tlio ductus 1*4 cm. Tho pulmonary trunk and ductus 
formed a continuous artery from which tho right and loft pulmonary arteries 
arose as lateral branches (fig.). 


Discussion 

Cardiac anomalies generally arise between tho fifth and eighth weeks of 
embryonic life (6-20 mm.) when metamorphosis to the septate heart is occurring. 
In this instance the valves and septa are normal and tho abnormalities to bo 
explained are the hypoplasia of the left ventricle and aorta and the hypertrophy 
of tho right ventricle, pulmonary artery and ductus arteriosus. 

At the eighth week (20 mm.) the pleuroperitoneal membrane should close 
and separate the two body cavities and at the same time muscle fibres grow 
into the edge of the membrane from the body wall to form the future diaphragm. 
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When the membrane fails to close, the abdominal viscera herniate into the 
thorax but are not covered by membrane, and when the membrane closes, but 
muscle permeation is deficient, the result is a hernia covered, as in this case, 
by pleuroperitoneal membrane. The commencement of the series of events 
may therefore be placed at or about the ninth week. 

In this case as the abdominal contents increased in size they followed the 
lino of least resistance into the thorax and the abdominal cavity remained 
under-developed. On the left side a crescentic, thickened edge of membrane 
extended from above the left lobe of the liver round the antero-lateral wall 
of the thorax to the left adrenal, so that the greater part of the malformed 
area lay posterior to the transverse median longitudinal plane of the body 
cavities. Thus as the intestines rose into the thorax they first pushed against 
the posterior part of the base of the developing lung, carrying it upwards and 
backwards and so initiating the pulmonary rotation. 

The configuration of the lung and the line of fission between the upper and 
lower lobes which is present at the 30-mm. (nine weeks) stage also predispose 
to backward rather than forward displacement of the lower lobe. The torsion 
of the left lung would constrict the left pulmonary artery and left pulmonary 
veins and the twist on the lateral wall of the left auricle distort and considerably 
diminish the capacity of the auricular cavity. As development progressed the 
intestines would pack tightly into the left side of the thorax and displace the 
mediastinum to the right. All the organs confined within the pleuroperitoneal 
membrane would act as one solid mass, with the main pressure exerted against 
the compressible structures on the medial side, particularly the left auricle, 
the walls of which must have been almost in apposition. The distortion of 
the left auricle is, it is suggested, the important cardiac deformity, for it led 
to an obstruction to the flow of blood from right auricle to left auricle through 
the foramen ovale. The left ventricle and proximal aorta, lacking the dynamic 
impulse of full distension, have failed to develop and conversely the hypertrophy 
of the right ventricle, pulmonary artery and ductus arteriosus is commensurate 
with the additional work thrown upon them by blockage of the foramen ovale 
and the acquisition of the bulk of the systemic circulation by the right ventricle. 
Functionally it is a bilocular heart. 

The difference between foetal and post-natal pathology is largely one of 
difficulty of observation and, though the case described is an example of a 
gross malformation inducing gross defects in a neighbouring structure, it may 
reasonably be suggested that a consideration of the mutually induced modifica¬ 
tions of structure in developing organs is more likely to be of value than the 
attribution of anomalies to an unmeasurable defect of the germ plasm. 

No relevant references have been traced. 


Summary 

A multiple congenital anomaly of the heart comprising left ventricular 
and aortic hypoplasia, relative aortic stenosis, hypertrophy of the right ventricle, 
hypertropin' and dilatation of the pulmonary artery and hypertrophy of the 
ductus arteriosus, is considered to be due to functional closure of the foramen 
ovale by the pressure of a diapliragmatic hernia. 


My thanks are due to Dr A. B. Bratton for helpful criticism. 
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576 .809.72 : 576.851 . 42 
A NEW ANTIGEN OF BRUCELLA ABORTUS 
H L Wolff and J E DrvGFU 

From the Laboratory for Tropical Hygiene of the State University, 

Leiden 

We recently recoivod from Prof C D do Langon n strain of bacterium 
which was indistinguishable morphologically and biochemical!} from Brucella 
abortus This had been isolated from the duodenal contents of a patient who 
at one time had suffered from brucellosis The organism was agglutinated by 
the serum of the patient from whom it had been isolated, but not, or only to 
a slight extent, by the rabbit anti Brucella sera usod by us for diagnostic 
purposes Besides this, the serum of the patient, though effective against his 
own organism, failed to agglutinate laboratory strains of Brucella 

These rather paradoxical observations seemed to justify a thorough 
mv estigation of the strain 

Experimental 

Morphology and biochemical reactions The organism was a straight, slender 
to stout, non motile, Gram nogativo, unencapsulated, ellipsoid rod, \atymg 
in length from 0 3 to 1 5 p and not exceeding 0 3 p in thickness Growth was 
improved by increase m the carbon dioxide concentration and m the humidity 
of the atmosphere , it was retarded by 1 30,000 tluonin, but not by 1 25,000 
basic fuchsin or 1 25,000 gentian violet, the colonies were smooth and looked 
xaU\«c mov&t "No acid was formed m any of U\o usual laboratory sugars and 
no mdol was formed m trypsin broth 

In all these respects the strain, conveniently called L agreod closely with 
the strains of Brucella so far described 

Antigenic constitution Agglutination tests wore carried out as far as possible 
in parallel The tubes were kept at 37° C for two hours and then for a further 
16 hours at room temperature (18° C) before reading It made no difference 
■whether agglutination titros were determined at 37° or at 50° C 

Though the strain was not agglutinated by the rabbit anti Brucella sera 
kept in the laboratory for diagnostic purposes, it was consistently agglutinated 
by the sera of patients who were suffering or had suffered from brucellosis 
Agglutination was much slower than with typical Brucella strains and the 
flocculi were much smaller There appeared to bo no correlation between the 
agglutinin titre of these sera against typical Br abortus strains and that against 
the L strain (table I) 

Sera were then absorbed with typical Br abortus (strain G3) and the L strains 
as follows They were diluted to 1 in 25, mixed with the absorbing bacterial 
suspensions and incubated for two hours at 37° C At the end of a further 
33 hours at 4° C the mixtures were centrifuged and the supernatants tested for 
their agglutination titre agamst Br abortus strain 63, Br mehtensis and strain L 
Table II shows that strain L absorbs from human anti Brucella sera all Brucella 
agglutinins while typical Br abortus does not absorb all the L agglutinins 
It seems reasonable to conclude that strain L possesses, beside antigens A and 
M, a thud antigen, L 

Heatmg strain L for thirty minutes at 100° C greatly reduced the amount 
of L antigen, as judged by the reduced agglutinability of the heated organism 
with human anti Brucella sera After such treatment the L strain was readily 
agglutinated by rabbit anti Brucella sera (table III), presumably because the 
A and M antigens were now exposed 
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Discussion 

There is an. obvious parallel between the antigen L of our Brucella strain 
and the Vi antigen of some strains of Salmonella typin'. Typhoid bacilli which 

Table I 

Comparison of agglutinin Hires of rabbit anti-Brucclla sera and of the sera of 
Brucella carriers against various Brucella strains 


Sera 

Strains 

Br. abortus 

L 

Br. in elite ns is 

Br. abortus‘SU is 

Rabbit 237/6 . 


0 


400 

„ 237/C . 


0 


1600 

„ 237/14 . 


0 


800 

„ 579 . . 

800 

0 

60 

200 

Patient I . . 

1600 


800 

800 

„ Ha . 

800 


200 

200 

„ Hb . 

800 

ifiV i I 

200 

200 

„ He 

400 

"! SioM 

200 

100 

„ Ud . 

200 

sdsH h iKi 

200 

100 

„ Ilia 

SOO 

1600 

200 

400 

„ mb . 

800 

1600 

200 

200 


Table n 

Agglutinin litres of sera before and after absorption with 
Br. abortus strain 63 and with strain L 


Strain 

Serum from patient 

Iln 

Etc 

absorbed with 

absorbed with 

0 

Br. abortus, 
strain 03 

strain L 

0 

JJr. abortus, 
strain 03 

strain L 

L 

1600 

400 

0 

3200 

800 

0 

Br. abortus, strain 63 

800 

0 

0 

400 

0 

0 

Br. melite runs 

200 

0 

0 

200 

0 

0 


Table III 

Agglutinin litres of sera against strain L before and after heating 


Semin 

Organism used: strain L 

unheated 

heated J hr. 
at 45° C. 

heated i hr. 
at 50" C. 

heated J hr. 
at 65° C. 

heated f hr. 
at 100" C. 

Patient IHa 

1600 

400 

400 

400 

400 

Rabbit 579 

0 

0 

0 

0 

400 


possess the Vi antigen are readily agglutinated by the serum of typhoid carriers 
but when the Widal test is carried out with laboratory strains that have lost 
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tho Vi antigen, or with *■ Fickcr ” suspensions without Vi, the sora always fail 
to agglutinate. < > 

As species of Brucella possess no H antigen, the failure of laboratory sera 
that do not contain anti-L to agglutinate the L strain is evidently duo to the 
fact that the I> antigen completely covers the surface of tho A and M antigens. 
The same phenomenon is seen in typhoid bacilli that possess tho Vi antigon, 
but whoso H antigen is either absent or badly developed. Primary isolation 
in such instances yields a strain that is not agglutinated by laboratory sera. 

In both cases, therefore, we are dealing with antigens that are able to induce 
in tho carrier the production of specific agglutinins, but envelop the bacteria 
and make them inagglutinablo by laboratory sora prepared by the uso of strains 
from which this particular antigen is absent. So for strain L lias retained 
antigen L through numerous subcultures. If this should continue, and it is 
found that the seta of all Br*. abortus carriers can. agglutinate Brucella strains 
possessing the L antigen, the L strain might bo of as great diagnostic value in 
tho detection of Br. abortus carriers ns the Vi strain is in tho case of typhoid. 

Much more serological work neod3 to be done, and much work on the 
chemical nature of tho antigen. 

Summary 

A strain (L) of Brucella abortus is described, which possesses, besides the 
antigons A and M, a further antigen L. This antigen onvolops the organism 
so ns to render it inagglutinablo by the usual rabbit nnti-Brucella sera, though 
it is agglutinated by tho sera of Br. abortus carriers. Heating to 100° C. for 
30 minutes renders tho organisms agglutinable by rabbit anti-Brucella sera, 
presumably by removing tho L antigen from the bacterial surface. 

Parallels with the Vi antigen of S. typhi are indicated, and it is suggested 
that tho L strain might be of value in the detection of carriers of Br. abortus. 

Addendum 

Further observations with strain L gave the results in table TV. Un* 
fortunately strain L became rough after 9 months of intensive study. Lyophile 


Tabi^e IV 

Agglutination of different Brucella strains by sera obtained from 
rabbits and guinea pigs infected unth strain L 


Sera 

Strains 

63 

L 

M 


K 20. 

800 

1600 

200 i 

400 

K 20 absorbed with strain 63 . 

0 

400 

0 

0 

K. 2,0 absorbed with strain B 

0 

0 

0 

0 

K 45. 

400 

400 

100 

200 

K 45 absorbed with strain 63 . 

0 

200 

0 

0 

K 45 absorbed with strain L 

0 

0 

0 

0 

0 zg. 

200 

200 

0 

0 

C bw ..... 

100 

200 

0 

0 


63 = Br. abortus Bang. M — Br. melitcnsis. 

L = the investigated Brucella strain. S =: Br. abortus-suis. 

20 end K 45 are sera of rabbits previously infected with strain L. 

C zg and C bw are sera of guinea-pigs treated with the same strain. The rabbits were 
seriously ill and lost much weight. The guinea-pigs were ill also. 

dried samples are rough also. Criteria for roughness are : agglutination after 
2 hours at 100 C. and spontaneous agglutination of the bacilli after treatment 
with acrifiavine, Q'l per cent. 
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FURTHER OBSERVATIONS ON THE GRAM-TWORT STAIN 

W. S. Oli/ctt 

The Wellcome Research Laboratories, Beckenham, Kent 

Since the publication of a method for staining Gram-positive and Gram- 
negative bacteria in sections (Ollett, 1947), we have had many enquiries about 
the method of preparing Twort’s stain. This neutral red-light green mixture 
was prepared by Twort (1924) by mixing half-saturated aqueous solutions of 
the dyes and dissolving the precipitate so formed in 80 per cent, alcohol; the 
resulting stock solution was diluted with an equal volume of water to make 
the staining solution. Until recently we have used this method, substituting 
fast green FCF for light green to avoid fading. 

We have recently found that a satisfactory stock solution can be made by 
mixing absolute alcoholic solutions of neutral red and fast green FCF. No 
precipitate is formed, and this stock solution diluted 1 in 4 with distilled water 
gives excellent results, identical with those obtained with the original Twort 
stain. The pH of this stain, like that of Twort’s stain, is 4-9 ; this may depend 
on the dye samples we used, but uniformity in this respect could be secured 
by diluting the stock solution in M/5 acetate buffer instead of distilled water. 

The proportions of the dyes given below are only approximate, and the 
optimum formula will depend on the dye content of the samples used. The 
stock alcoholic solution should be of a reddish magenta tint: too much green 
will weaken the red bacterial staining. The total dye concentration is less 
critical. 


Modified Twort’s slain 

Stock alcoholic solution 

0-2 per cent, alcoholic neutral red (C. I. no. 825) . . 90 ml. 

0-2 per cent, alcoholic fast green FCF . . . .10 ml. 

For use, dilute one volume of stock solution with three volumes of distilled 
water. Use as counterstain to Gram’s method, as previously described (Ollett), 
but clear in monochlorbenzene instead of xylene and mount in L.P.M. The 
use of xylene leads to fading of the Gram’s stain. 


L.P.M. Mountant 

Lustron (L 2020) crystal clear 100 g. 

Dissolve in a mixture of 

Dibutyl phthalate .... 50 ml. 

Monochlorbenzene .... 300 ml. 

Lustron is apparently identical with “ Distrene 80 ”, which is now un¬ 
obtainable. 

I wish to thank Dr C. L. Oakley and Dr D. J. Trovan for their guidance and 
advice. 
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576 . 851.49 (Salmonella) : 576 . 809.542 

MULTIPLICATION OF CERTAIN SALMONELLA SPECIES 
IN AUTOCLAVED BUFFERED TAP WATER 

P. B. Crone 

Public Health Laboratory , Royal Infirmary, Sunderland 

In 1937, Bigger demonstrated that various strains of non-pathogcnic 
coliform organisms were able to multiply in natural waters. He found that 
these waters, after being autoclaved, filtered or treated with various substances, 
would support growth moro readily. It lias been possible to extend his findings 
to include multiplication in buffered tap water of three species of Salmonella. 


Experimental method 

To remove traces of organic matter all glassware was stoamed for C hours 
in & chromic acid mixture (chromium trioxido 100 g., 20 per cent, (v/v) Bulphuric 
acid to 1 litre). It was rinsed in several changes of tap water and finally in 
distilled water. Water to be tested was mado into Af/100 potassium dihydrogen 
phosphate-caustic soda buffer of pH 7 and 1 ml. quantities were put into 
3 x.y test tubos. These were plugged with cotton-wool and autoclaved at 
10 lb. for 15 minutes. In this way tubes of autoclaved buffered tap water wore 
prepared with Newcastle water, which, originating as an upland surface water, 
receives considerable treatment, including aluminium-sulphate precipitation, 
filtration and chlorination. The samo was done with Sunderland water, chiefly 
a deep-well water, but containing a variable amount of unfiltered upland 
surface water. Tubes of autoclaved buffered distilled water wore also made 
and used in exactly the same manner to serve as controls. The distilled water 
was produced in an all-glass still operated slowly. Slow distillation was essential, 
because rapid distillation caused splashing and the distillate supported growth. 

With two exceptions, the organisms used were recently isolated from cases 
of food poisoning or enteric fever. Thoy wore taken either from platings of 
fteces on desoxycholato-citrate agar or from the same medium after enrichment 
in selenite broth. The two exceptions were from egg-slope cultures of organisms 
similarly isolated a year before. With a wire, tubes of the buffered water were 
inoculated direct from the plates. After incubation of the tubes at 37° C. for 
about 24 hours, a largo loopful—about 0*01 ml.—was spread on a solid medium 
which was similarly incubated. If more than ten colonies appeared on the solid 
medium a subculture of an equal inoculum into another water tube was made. 
If less than ten colonies appeared, incubation of the tube was continued until 
more than that number were present. When, even after many days’ incubation, 
no colonies developed from a loopful, the last tube to have a satisfactory count 
was used to start another series of cultures. In some cases, especially early 
in each series, subculture was carried out, without a count being made, on 
•solid medium, each tube of the series being incubated for 24 hours. By the 
9th subculture in water it could bo confidently assumed that the organisms 
were growing on some substance in the water and not on nutrient carried over 
from the original plate. 

Results 

Three strains of Salm. typhimurium and one each of Salm. paratyphi B 
and Salm. enteritidis were cultured in series in at least 10 tubes of Newcastle 
autoclaved buffered tap water. In addition each of these was passed through 
three transfers in Sunderland autoclaved buffered tap water at a late stage 
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of tlio Newcastle series. One strain of Salm. typhimurium was passed through 
10 cultures in Sunderland autoclaved buffered tap water direct from desoxy- 
cholate-citrato medium. Attempts to make similar series of cultures of 5 
different strains of Salm. typhi, including one laboratory strain, were all un¬ 
successful. The third culture in autoclaved buffered tap water might havo 
countable cells, but multiplication did not occur and the series besmnd this 
failed. 

The autoclaved buffered distilled water did not allow of repeated subculture 
with any of the strains mentioned. The organisms survived but did not multiply. 
Presumably lack of nutrient properties and not an inimical agent was responsible, 
for the addition of autoclaved buffered tap water to a suspension in autoclaved 
buffered distilled water led to multiplication. 

In a single test, a tube of autoclaved buffered tap water sown with Salm. 
paratyphi B was incubated at 20° instead of 37° C. The organisms multiplied 
until the final count was 5 times the inoculum. 

Final counts were variable with the three species that grew, but usually 
about 10' organisms per ml. were present in the Newcastle autoclaved buffered 
tap water and about twice as many in Sunderland autoclaved buffered tap 
water. The rate of multiplication was low. It ranged from 20 times to less 
than 2 times in 24 hours. 


Discussion 

Multiplication of organisms requires water, a source of energy and the 
elements carbon, nitrogen and others, alone or combined in varying degrees 
of complexity. In certain cases energy can be obtained direct from sunlight 
or from certain inorganic substances, but for all pathogenic organisms it is 
obtained, so far as is known, only from organic compounds. The minute 
quantities of these substances required to produce 10 1 cells, of wet weight less 
than 10 -7 g., might well be found in one ml. of tap water. Thus 1 per cent, peptone 
can be made to yield more than 10 8 cells per ml., so 10 -7 g. per ml. of utilisable 
organic matter would suffice for the production of 10 1 cells per ml. Newcastle 
tap water is faintly brown, a colour no doubt derived from algte, and such algal 
remains may be the nutrient used by the organisms studied. 

It cannot be denied that the cotton-wool plugs of the tubes might provide 
nutrients. These could not alone be adequate, for they were unable to make 
autoclaved buffered distilled water a nutrient medium for the salmonella}. 

Salm. typhi is, in general, a more demanding organism, and its special need 
of tryptophane need not be the cause of its failure to grow in autoclaved buffered 
tap water. 

There is no question, of course, of multiplication in untreated tap water. 
That from Newcastle contains sufficient chlorine to be rapidly lethal to 
salmonella}; but, even in the absence of chlorine, the organisms naturally 
present, or some other cause, may prevent multiplication of a pathogen. 

Summary 

On fresh isolation from cases of enteric fever and food poisoning, Salm. 
paratyphi B, Salm. typhimurium and Salm. cntcrilidis could be repeatedly 
subcultured in autoclaved buffered tap water. It was found impossible to 
maintain Salm. typhi in series by these means. 

I am indebted to Dr G. S. Wilson for advice and criticism. 


Bigger, J. W. 
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The actinomycotes 

By SelMAN A WaxsMAN 1950 Waltham, Mass Tho Chronica Botanica 
Co London William Dawson and Sons, Ltd Pp wiu and 230 , 
64 text figs 30s 

In spite of the great interest taken in tho actmoray cetes during the last 
half century, remarkably little lias been written on the more general aspects 
of the subject Lioske, in Ins monograph published in 1921, did much to 
collate the then available information, but tho subject has grown apace 
since that time and the need for a comprehensive and up to date roviow 
has been felt for many y ears No one is bettor qunhfiod than Professor 
Waltsman to undertake this task and there is consequently little doubt 
that The actmomycetes will bo regarded ns a notable contribution to the 
literature 

One of tho great difficulties that lias faced students in the past has been 
that of assessing tho v alue of much of tho literature because of the confused 
terminology and the multiplicity of generic names used by the earlier 
workors Those perplexing problems of classification, taxonomy and 
morphology have been dealt with in admirable fashion by tho author, 
whose experience has enabled him to present a useful summary and 
discussion of all the systems of classification to date, together with an 
exposition of lus own system—propounded jointly with Hennci—which is 
almost certainly the simplest and most easily workable yet devised The 
chapters on variation, distribution and physiology are no less important 
and informative 

In the mam, research workers liavo devoted their attention to three 
important fields , the nature of tho causative organisms of human and 
animal actinomycoses, the cause, nature and control of potato scab and, 
in more recent times, tho isolation and production from actmomy cetes of 
antibiotic substances, several of which are of sufficient importance to have 
a profound effect on clinical practice Workers in these fields and 
particularly in the Inst mentioned, which offers many opportunities for 
useful work, will find much of interest and value to them in this volume 

In The actmomy cetes, Professor Waltsman has succeeded in bringing 
together most of the existing information and presenting it in & concise 
and readable form Primarily, this is a work of reference made especially 
useful by its extensive bibliography, and there is no doubt that it will 
commend itself to tho general microbiologist and the specialist alike 


Toxsamias oi pregnancy 

Edited by John Hammond, T J Browne and G E W. Wodstenhoeme 
1950 London J & A Churchill, Ltd Pp xn and 280, 15 plates 
(29 figs ) and 65 text figs 21s 

This volume is composed of 29 papers which were presented at a 
symposium on toxaemias of pregnancy held in London m January 1950, 
The contributors are drawn from the United States of America, the British 
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Commonwealth and Europe, as well as from all parts of Great Britain, 
and tlio subject is denlt- with from the point of view of both human and 
veterinary medicine. 

Pathologists will regret the brevity of Sheehan’s contribution on tho 
pathological lesions of eclampsia and pre-eclampsia. It is unfortunate 
that time and space were not available for a more detailed presentation 
of the evidence upon which Sheehan’s views are based, for many of his 
descriptions differ materially from the orthodox accounts. The experimental 
studies of Dieckmann and his assistants on tho effects of sodium chloride 
and lactate injections and the careful studies of tho liremodynamics of the 
circulation in normal and toxsemic pregnancy presented by Kellar, Hamilton 
and Burt are important original contributions to the pathogenesis of this 
disease. Schneider's work on the effect of thromboplastin injections is 
interesting but its applicability to the problem under discussion seems 
doubtful. Bastiaanse and Mastboom elaborate a hypothesis that toxemias 
result from ischajmia of the gravid uterus but they do not cite any evidence 
that ischaemia does in fact occur. Glynn summarises recent work on the 
association of hepatic lesions with dietetic deficiencies. Somerville’s 
account of the relationship between the placental hormones and the 
toxcemias stresses the difficulties of any interpretation of the findings in 
this field ; there is clearly room for more detailed studies in this direction. 
Thomson on the mono-amine oxidase activity of the placenta and Alilmark, 
Werko and Kapeller-Adler on liistaminase activity present interesting 
accounts of enzyme action which may be disturbed in toxremic pregnancy. 
Toxaimias of pregnancy occurring in sheep, cattle and rats are discussed 
in a group of 0 papers. It seems clear that most of these conditions bear 
little relationship to the human diseases. 

The general effect of this book is disappointing. Tho large number of 
short independent communications has led to a lack of integration, so 
that while many interesting details of the problem of the toxaimias are 
discussed, there is nowhere a synthesis of tho various aspects into a general 
view of tho subject as a whole. 


Notes on communicable diseases of laboratory animals 

By H. J. Parish. 1950. Edinburgh : E. & S. Livingstone, Ltd. Pp. vii 
and 09. 3s. 

Mullum in parvo aptly describes this book of notes on the communicable 
diseases of laboratory animals. In tho space of 69 pages are mentioned 
no less than a hundred types of infection in eleven animal species. Each 
species is considered in turn, the general plan being to note whether the 
disease is a common one ; whether or not it is transmissible to man or 
to other animals ; the symptoms ; the causal organism (where known) 
and the most useful methods of control. The information presented is 
based on sound bacteriological principles combined with reasonable common- 
sense and it is obvious that the author speaks from personal experience. 
It would have been useful to have had a little more information about 
tho fairly commonly observed “ rolling or twisting ” in mice, although there 
is a good description of the condition in rats. Infectious renal cortical 
necrosis in tho mouse is not mentioned and tho section on the cat is rather 
scanty. Tho statement (p. 20) that “ Injudicious feeding, etc., may light 
up infection ” in-rabbits is not very helpful. But this is not a handbook 
of husbandry and within their own limitations theso notes should bo helpful 
in furnishing the clue to many of tho sporadic diseases and epizootics which 
from time to time arc tho despair of all workers with laboratory animals. 
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Types oi diabetes mellitus and their treatment 

By Arthur R. Colweix. 1950. Springfield, Ill.; Clmrles C. Thomas : 
Oxford ; Blackwell Scientific Publications, Ltd. Pp. v and 97 ; 6 text 
figs. 16s. Gd. 

This small monograph covers most aspects of diabetes from diagnosis 
to treatment of coma. It is well produced and clearly written by an author 
of high reputation with many worth-while publications on his subject. 
But it is difficult to know what useful purposes this book serves. It does 
not contain sufficient detail to enable a practitioner to undertake treatment 
from its pages or to interest an expert by its theoretical considerations. 
In some directions tho author holds conservative views, especially when 
lie advocates a C-Fat ratio in tho diet of 1 to 1 as most generally useful 
and “ the optimal ratio with insulin 

Tho title of tho book is stimulating and led the reviewer to hope that 
various different fundamental types were to bo described. It turns out, 
however, that it is not different types that are referred t-o, but grades of 
diabetes—mild, moderate and severe. Tho title therefore merely makes 
an already woll-known quantitative distinction and not new qualitative 
ones. 

Practical section cutting and staining 

By E. C. Clayden. 2nd cd., 1951. London : J. & A. Churchill, Ltd. 
Pp. vii and 135 ; 8 figs, on 4 plates and 15 text figs. 10s. 

This second edition of Mr Clayden’s little book is for all practical 
purposes a copy of the first odition (see this Journal, 1948, lx, 527). There 
have been added two or three additional methods dealing with the prepara¬ 
tion of bone sections anc\ tho staining of fat and myelin. A. few further 
additions might havo been made with advantage, such as the Scharlach-R 
method for fat, the Dobell modification of Levaditi’s method for spirocluetes 
and the pliosphotungstic acid-hrematoxylin method of Mallory (P.T.A.H.) 
for fibrin and neuroglia. Mention might also have boon made of the use 
of the ultra-violet lamp in von Kossa’s silver method for calcium. 

The book retains its original form as a handy work of reference for tho 
routine laboratory bench and will doubtless have a reception, not inferior 
to that of the first edition. It is a very useful book. 


Pathologiscbe Hlstologie 

By Max Borst. 4th ed., revised and enlarged, 1949. Munich: J. F. 
Bergmann. Pp. xii and 639 ; 405 text figs. (199 in colour). DM 94*60 
(unbound). 

Tho publication of this edition has been delayed for nearly four years 
after the death of its distinguished author. The only notable addition to 
the 3rd edition (1938) is a new chapter devoted to tumours of tho central 
and peripheral nervous system within the space of 30 pages inclusive of 
34 drawings. The classification closely follows that of Bailey and Cushing 
with the consequent threat of bewildering the medical student and the 
doctor to whom it is addressed. In the upshot, this chapter, better than 
any other, exemplifies tho author’s skill in the lucid exposition of a large 
and complex subject with a moderate number of drawings and remarkably 
few words. 

To tho end, in successive editions of his book, Borst adhered to certain 
views which most of his contemporaries agreed to abandon. Thus he 
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derives the hypernephroma of the Iddney from adrenal rests although ho 
admits (p. 477) that such tumours occur “nur tiusserst selton ” in tho 
adrenals themselves; ho attributes the symptom complex of Addison’s 
disease to a lesion of the adrenal medulla rather than of the cortex (p. 362), 
and Simmonds’s disease (p. 364) to inflammatory lesions of tho anterior 
lobe of tho pituitary. Despite these and other idiosyncrasies of opinion, 
however, this edition, like its predecessors, should be of great interest to 
tencliers of pathology in this country. How should pathology bo taught 
to the medical student—and how much of it ? As Borst explains, the first 
edition was published in 1921 in fulfilment of a wish repeatedly expressed 
by his students over many years. It embodied an educational course 
which had proved appropriate to its purpose (“ zweckentsprecliend ”) in 
25 years’ experience of teaching and which was presumably maintained 
unchanged during the next 25 years. It is more than a manual of patho¬ 
logical histology because, wherever possible, it seeks to correlate pathogenesis 
and symptomatology with histological pattern. It throws what we are 
pleased to call “ general principles ” to the four winds and immediately 
tackles the description of special pathology, organ by organ, including 
10 pages on the skin. In this way, Borst avers, “ general pathological 
histology comes into its own ”, which is interpreted as meaning that general 
principles will look after themselves. Anyhow his book scored an immediate 
and lasting success with the German student body which is probably not 
less philosophical, on the whole, than the British. 
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PROCEEDINGS OP THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 


29 th and 30/ft December 1950 

Tho eighty-second meeting of the Society -was held in two sections in the 
Department of Pathology, St Thomas’s Hospital Medical School, London, 
on Friday and Saturday, 29th and 30th, Decombor 1950. 

Communications and demonstrations 
Items marked with an asterisk are abstracted below 

. E. Re well. Testicular tumours of birds. 

. Lennox; and A. L. Wells. Differentiation in the rodent ulcer group of 
tumours. 

G. J. Griffiths, A. P. Hayhurst and Raymond Whitehead. Dissecting 

aneurysms of the aorta in mother and child. 

R. E. Billinoham, J. W. Orr and D. L. Woodhouse. Epidermal trans¬ 
plantation during chemical carcinogenesis : tho effects of reciprocal trans¬ 
ference between carcinogen-treatcd and untreatod skin sites. 

K. C. Dixon and B. M. Herbertson. Lipids of normal and tabetic spinal cord. 

*K. C. Dixon and B. M. Herbertson, Cytoplasmic glycolipids of brain. 

J. A. Milne and J. B. Rennie. The effect of 3-hydroxy-2 phenyl-cinchommo 
acid on generalised scleroderma. 

H. E. Hutchison. The effect of adrenalin on the absorption of tetanus toxin 

from granulating wounds prepared by the “ viskap ” method. 

R. J. V. Pulvertaft. Phagocytosis. 

J. H. Humphrey. The effect of cortisone on tho Arthus phenomenon. 

L. E. Glynn and G. Loewi. The nature of fibrinoid necrosis. 

J. V. Daoie and C. de Gruchy. Tho demonstration of haemolytic antibodies 
in acquired haemolytic anremia. 

*A. Glucksmann. The histogenesis of radiation-induced and of benzpyrene- 
induced epidermal tumours in the mouse. 

G. F. M. Hall. The significance of atheroma of tho renal arteries in diabetic 
glomerulosclerosis. 

P. T. J. C. P. Warner, J. V. T. Gostlinq and A. C. Thackray. The effect 
of freezing and freeze-drying on sarcoma 37. 

J. G. Carr and R. J. C. Harris. The preservation of the virus of the Rous fowl 
sarcoma. 

*J. Craiqie, P. E. Lind, M. E. Hayward and A. M. Bego. Preliminary 
observations on a “ dormant ” state of sarcoma cells with special reference 
to resistance to freezing and drying. 

E. M. Darmady and Daphne R. Jones. The study of the nophron in acute 
tubular necrosis by the Oliver technique. 

E. Topley and E. Lowbury. The value of polymyxin in bums. 

W. M. Davidson, Sylvia D. Lawler and A. G. Ackerley. The Pelger-Huet 
leucocyte anomaly. 

N. P. Markham and J. H. Kent. A technique for giving repeated intravenous 
injections to guinea-pigs. 

17 ? 
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B. M. Weight. A comparison between the histological reaction to coal-dust 

in human and animal lungs. 

It. I. K. Elliott, H. Kramer and A. H. T. Robb-Smith. A comparison of 
wound healing by granulation in scorbutic- and cortisone-treated guinea-pigs. 

C. E. Lumsden. Normal oligodendrocytes in tissue culture. 

R. H. Gorrill. Experimental staphylococcal infection in mice. 

J. Ungar. The effect of varied amounts of aluminium salts on pertussis and 
diphtheria antigens. 

■J. T. Stamp. Enzootic abortion of sheep. 

J. P. Dug urn. The demonstration of bacterial capsules and slime. 

G. B. Ltjdlam. Pharyngeal inclusion bodies in new-born infants. 

Mollie Barr. The formation of abnormal antitoxin in the early stages of 
immunisation. 

C. G. Pope. Observations on the purity of diphtheria toxin. 

C. N. Iland. Some observations on the serology of polysaccharide fractions of 
M. tuberculosis. 

C. N. Iland, G. S. Gilbert, A. S. Jones and R. W. Baldwin. A new antigenic 
fraction from M. tuberculosis . 

*R. R. A. Coombs, L. S. Mynors and F. Wild. The recognition and titration 
of antibodies to chemical substances by the agglutination reaction. 

G. Fulton Roberts, A. M. Blompeeld and R. R. A. Coombs. The inter¬ 
relation of conglutinin and the fractions of complement in the conglutination 
reaction. 

A. M. Blomeeeld. Further observations on the mechanism of the conglutination 
reaction. 

W. F. Nicholson and Raymond Whitehead. Sarcoma in the diaphragm. 

L. Woodhouse Price. 1. Teratoblastoma of supra-vesical region. 2. Sarco¬ 

matous degeneration of a fibroid. 3. Pulmonary asbestosis with bronchial 
carcinoma. 4. A congenitally malformed heart. 

X). A. G. Galton and J. W. Whittick. A case, in Britain, of generalised torulosis 
simulating Hodgkin’s disease. 

A. Haddow, G. M. Timmis and E. S. Horning. Induction of rhabdomyo¬ 
sarcomas in rats. 

A. Haddow and E. S. Horning. Ganglioneuroma of the adrenal medulla in 
albino rats. 

Jj. Dmochowski and A. Millard. Cellular transmission of mouse sarcomata 
with frozen and desiccated tumour tissues. 

C. Raeburn. 1. Gumma of the pancreas in a premature infant. 2. Minute 

primary carcinomas of the bronchus. 3. Congenital cardiac abnormalities. 

F. Hayhoe and M. Hynes. A rare disorder of mitosis in erythropoiesis. 

M. A. Soltys. 1. A new differential medium for enteric organisms. 2. A 
medium for the demonstration of pigment produced by various organisms. 

A. D. Morgan. A case of chronic renal disease with secondary hyperpara¬ 
thyroidism and advanced osteitis fibrosa. 

D. J. Trevan and Annette Shahrocu. A controlled methyl-green-pyronin- 

orange G stain. 

John Heron. Removable labels for perspex museum jars. 

S. Young. A case of unilateral renal fibrosis. 

G. J. Cunningham and L. P. Garbod. A fatal case of histoplasmosis. 

C. L. Greenbury. A convenient apparatus for micro-complement-fixation 
tests. 
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Abstracts 


576.311 . 1 : 611 . Si 
CYTOPLASMIC GLYCOLIPIDS OF BItAlX 

Iv. C. Dixon and B. M. Herbertson 
Department of Pathology, University of Cambridge 

Two glycol ip wls aro commonly present in tho cytoplasm of neurones of the 
central nervous system. Both aro stained by periodic acid and leucofucslisin 
ns well as by sudan black. The first of those is diffuselj’ distributed in. the 
cytoplasm, being in close proximity to the Nissl substance (Dixon and Herbertson, 
1950a). It can be extracted by a hot otlianol-other mixture which does not 
remove the pyronin staining of the Nissl substance (due to nucleic acid). This 
diffuse glycolipid is present in high concentration in the chromopliilic colls of 
tho cerebral cortox of tho rabbit and rat and in many of tho Purkinjo colls of 
tho cerebellum of these animals. 

Tho second glycolipid has bo fur only been observed in human nourones 
(Dixon and Herbertson, 19505); it is pigmented to a variable degree, and is 
in fact either associated or identical with tho well-known lipofuscin or wear'and- 
tear pigment. It occurs ns condensed clusters of granules within the cytoplasm. 

We now find that tho diffuse glycolipid is probably also present in many 
human neurones, although generally in much smaller amounts than in the 
Purkinje cells of the cerebellum and tho chromopliilic cells of tho cerebral cortex 
of tho rabbit and rat. In human material it is readily seen in thick (17 /*) 
sections of medulla and spinal cord, where greater depth of tho large coll bodies 
can bo stained than in tho usual routine (5 p) sections. In thin sections of 
human material the diffuse glycolipid is faintly stained by periodic acid and 
leucofuchsin. Wo are grateful to Dr .T. B. R. Cosgrove for showing us a section 
of sheep medulla which he had stained with periodic acid and Schiff’s reagent. 
In this section tho localisation of the diffuse glycolipid in tho Nissl granules 
was moro prominent than in our material, although wo had previously observed 
(Dixon and Herbertson, 1950a) tho close association of tho diffuse glycolipid 
of rabbit neurones with the Nissl substance. In human material tills association 
is also evident. Wo have succeeded in extracting much of the diffuso material 
reacting to periodic acid and leucofuchsin from the neurones of human medulla 
by re-fluxing with boiling chloroform. Such treatment does not substantially 
diminish tho staining of tho lipofuscin granules. 

Wo suggest that in tho normal metabolism of the neurone tho peritoso 
nucleic acid of the Nissl granule is architecturally incorporated in a dispersed 
complex with the glycolipid which reacts with periodic acid and leucofuchsin. 
It is known that pentoso nucleic acid is destroyed in chromatolysis produced 
by excessive activity, trauma or infection. It appears possible that continued 
incidents of this kind, occurring over many years in tho history of tho neurone, 
might result in the glycolipid being expelled from the dispersed complex when 
tho pentoso nucleoprotein, with which it is associated, is destroyed. In this 
•way aggregates of glycolipid are formed ns clusters of granules which are 
prominent in tho neurones of the aged. Such inclusions outside the sphere of 
cytoplasmic metabolism might then become permanent landmarks of past 
neuronal events. 

REFERENCES 

Dixon, K. C., and Herbertson, 1950a. «7. Physiol cxi, 244. 
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CYTOPLASMIC C.LYCOLIPIDS OF BRAIN 

K. C. Dixon and B. M. HnnnEitTSON 
Department oj Pathology, University of Cambridge 

Two glycolipids arc commonly present in tlio cytoplasm or nourones of the 
central nervous system. Both nro stained by periodic acid and leucofuchsin 
as well as by sudan black. Tlio first of those is diffusely distributed in tho 
cytoplasm, being in close proximity to tho Nis-d substance (Dixon and Herbertson, 
1950a). It can be oxtracted by a hot ethanol-ether mixture which docs not 
remove tho pyronin staining of tho Nissl substanco (duo to nucleic acid). This 
diffuse glycolipid is present in high concentration in tho chromophilic colls of 
tho cerebral cortex of tho rabbit and rat and in many of tho Purkinjo cells of 
the cerebellum of tlicso animals. 

Tho second glycolipid has so far only been observed in human nourones 
(Dixon and Herbertson, 19506}; it is pigmented to a variable dogreo, and is 
in fact either associated or identical with the well-known lipofuscin or woar-and- 
tear pigment. It occurs ns condensed clusters of granules within the cytoplasm. 

AVe now find that tho diffuso glycolipid is probably also present in many 
human nourones, although generally in much smaller amounts than in tho 
Purkinjo cells of tho ccrobellum and tho chromophitie colls of tho cerebral cortex 
of the rabbit and rat. In human material it is readily scon in thick (17 /*) 
sections of medulla and spinal cord, whero greater depth of tho large coll bodies 
can be stained than in tho usual routino (5 p) sections. In thin soctions of 
human material the diffuso glycolipid is faintly stained by periodic acid and 
leucofuchsin. Wo nro grateful to Dr .T. B. R. Cosgrovo for showing us a section 
of sheop medulla which ho had stained with periodic acid and Schiff’s reagent. 
In this section tho localisation of tho diffuse glycolipid in the Nissl granules 
was moro prominent than in our material, although wo had previously observed 
(Dixon and Herbertson, 1950a) tho close association of tho diffuso glycolipid 
of rabbit neurones with the Nissl substance. In humnn material thus association 
is also evident. Wo have succeeded in extracting much of the diffuso material 
reacting to poriodic acid and leucofuchsin from tho neurones of human medulla 
by re-fluxing with boiling chloroform. Such treatment does not substantially 
diminish tho staining of tho lipofuscin granules. 

Wo suggest that in tho normal metabolism of tho neurone tho pentose 
nucleic acid of the Nissl granule is architecturally incorporated in a dispersed 
complox with tho glycolipid which reacts with periodic acid and leucofuchsin. 
It is known that pentose nucleic acid is destroyed in cliromatolysis produced 
by excessive activity, trauma or infection. It appears possible that continued 
incidents of this kind, occurring over many years in the history of tho neurone, 
might result in the glycolipid being expelled from tho dispersed complex when 
the pentose nucleoprotein, with which it is associated, is destroyed. In this 
■way aggregates of glycolipid are formed as clusters of granules which are 
prominent in the nourones of the aged. Such inclusions outside the sphere of 
cytoplasmic metabolism might then become permanent landmarks of past 
neuronal events. 
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After nbout 2 months worts nppear and after 3 months malignant opitholiomns 
arise in either tho hyperplastic regions or tho warts (Ghicksmann, 1045). 

The carcinogenic hydrocarbons thus load rapidly to tumour formation by 
direct stimulation of tho treatod opidormnl colls, while radiation produces 
tumours slowly and indirectly in tho regenerating tiBsuo after the destruction 
of tho directly irradiatod epidermis and derma and after causing Bovcro vascular 
damage. 

The initial stimulating effects of benzpyrene produce a reversible hyperplasia 
and reversible warts; they produce potential cancer colls which arc rendorod 
irreversibly malignant by furthor stimulation. The initial destructive effects 
of irradiation are irroversiblo, but indirectly they too stimulate tho growth 
of the adjacent regenerating tissue. Tho response of this tissue diminishes 
progressively and becomes irregular—as it also does in tho benzpyrene painted 
skin—and results in malignancy. In both coses tho epidermis appears to bo 
unable to respond to growth stimulation beyond a certain degree and yet to 
differentiate normally. This inability to combine rapid or prolonged prolifera¬ 
tion with normal differentiation seems to bo one of the characteristics of 
carcinogenesis. Tho concept of carcinogenesis duo to an adaptive variation 
of a tissue rather than to a somatic mutation and subsequent proliferation of 
individual cells seems to fit our experimental findings. 
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PRELIMINARY OBSERVATIONS ON A " DORMANT ” STATE OP 
SARCOMA CELLS WITH SPECIAL REFERENCE TO RESISTANCE 
TO FREEZING AND DRYING 

James Craigie, P. E. Lind, M. E. Hayward and A. M. Bego 
From the Laboratories oj the Imperial Cancer Research Fund, London 

The effects of isotonic dextrose solution on tumour-cell suspensions are 
paradoxical. Exposure of a cell to dextrose solution produces a profound and 
almost instantaneous change in the nucleus. The nucleoli and associated 
chromatin, clearly visiblo under phase-contrast illumination, become invisible 
and the nucleus swells. This change, together with the progressive disintegration 
of cytoplasm which follows, would appear to be incompatible with cell survival. 
On the other hand, it is well established that tumour-coil suspensions preserved 
in the frozen state in dextrose will produce tumours when thawed rapidly and 
injected without delay (Craigie, 1949a). 

Quantitative studies of sarcoma-cell survival in fluid suspension in vitro, 
carried out on lines previously indicated (Craigie, 19496) have yielded similar 
paradoxical results. Suspensions of C3H sarcoma cells were prepared in various 
isotonic fluids (extracellular and intracellular physiological fluids, etc.) and 
samples were examined and tested at intervals from 24 hours to 21 days. The 
volume of surviving viable cells was estimated from tho mean time of tumour 
appearance following subcutaneous inoculation of mice, and in order to determine 
the correlation between details of cell morphology and viability, photomicro- 
graphic (phase-contrast) records were made of samples of suspension mounted 
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on cytometer slides. It should be noted that in work of this kind it is essential 
to avoid fallacious results due to inadequate or non-uniform exposure of cells 
to the suspending fluid. Clumps of cells must he eliminated and the ratio of 
cell volume to suspending fluid should not exceed 1 to 50. 

The results obtained may be briefly summarised by stating that under the 
conditions employed there is no correlation between the number or apparent 
state of j)reservation of “ normal ” C3H sarcoma cells and the volume of viable 
cells estimated by titration in mice. Since the tumour-inducing activity of 
treated sarcoma-cell suspensions cannot be attributed to survival of obviously 
damaged “ normal ” tumour cells, some other explanation is required. Recent 
observations indicate that dense retractile cells found in some tumours are 
viable and possess the resistant properties necessary to explain the paradoxical 
results obtained in studies of tumour-cell survival. 

Refractile tumour cells are easily distinguished from “ normal ” tumour 
cells by phase-contrast microscopy. Their high refractive index obscures the 
details of their internal structure and produces a brilliant and characteristic 
image. Round to spindle forms occur, according to the cell type of the tumour. 
These cells are known to occur in the following transplantable mouse tumours :— 
C3H sarcoma, sarcoma 37, C 57 sarcoma and carcinoma 63, all of which can 
be preserved in the frozen state as suspensions in dextrose. 

When suspensions of refractile C 3 H sarcoma cells are fixed, cut and stained, 
the cytoplasm is seen to be condensed and acidophilic and the nucleus dense. 
In this respect they resemble cells which might be identified in tumour sections, 
either scattered in small groups without any obvious concomitant pathological 
change or, with less certainty, bordering necrotic foci and scattered among the 
other cells, necrotic debris and associated fluid. 

The percentage of cells found in the refractile state in suspensions freshly 
prepared from subcutaneous tumours is unpredictable and very variable, but 
averages about 5 per cent, in sarcomas 37 and C3H. Quantities of refractile 
cells in a relatively pure state may be obtained by fractionation of the ascitic 
fluid associated with C3H sarcoma or, better, sarcoma 37 in the C3H strain 
of mice. 

In vitro, refractile tumour cells are relatively stable when freshly isolated, 
but later they undergo striking changes which would seem to indicate that they 
are viable. The first stage in in-vitro transformation is swelling of the cell. 
As this progresses refractility decreases and the nucleus gradually becomes 
visible. At the same time the cytoplasm extends irregularly into processes 
of extremely variable shape. Potocytosis develops, then ceases, and is followed 
by nuclear and cytoplasmic changes indicative of death of the cell. 

The results of subcutaneous mouse inoculation confirm the view that refractile 
cells are viable. Eight hundred C3H refractile cells will produce a visible tumour 
(3 mm. 3 ) in 8 days. Most refractile cells survive freezing and thawing in dextrose 
solution and some survive drying from the frozen state. For example, after 
drying in a single-cell layer in dextrose at —20° C., 0-2 per cent, of an almost 
pure suspension of S 37 (ascitic) refractile cells remained in the refractile state. 
Eight mice received an average subcutaneous dose of 75 of these surviving cells. 
Five mice showed tumours 12 days after inoculation and seven were found to 
have developed tumours by the 21st day. 
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THE RECOGNITION AND TITRATION OF ANTIBODIES TO CHEMICAL 
SUBSTANCES BY THE AGGLUTINATION REACTION 

R. R. A. Coombs, L. S. Mynors and F. Wild 

Departments of Animal Pathology, Pathology arid Medicine, 

University of Cambridge 

Landsteiner and Lampl (1917, 1918) showed that antibodies could bo produced 
against groups of known chemical constitution, such as atoxyl, by inoculating 
rabbits with the compound coupled with a foroign protein by the azo linkage. 
Since that date much work has been done by Landstoiner and his school and 
others with such artificially conjugated antigens and on sorological reactions 
with simple chemical compounds. 

Antibodies produced in this way against a chemical substanco are usually 
demonstrated by means of the precipitation or complomont-fixation reaction. 
In these in-vitro tests the chemical substance is diazotisod and coupled to a 
protein immunologically distinct from that used for the inoculations. In 
addition, the resulting precipitation may bo specifically inhibited by a solution 
of the chemical itself. 

In a previous paper Coombs, Mynors and Wobor (1950) described a method 
for the recognition and titration of antibodies against atoxyl by means of an 
agglutination reaction. In the detection of the antibody this technique was 
more sensitive than the procipitation reaction. The present work is a continua¬ 
tion of these Btudics. 

The two compounds studied in the present investigation were atoxyl 
(arsanilic acid) and sulphanilic acid. Antisera which would react specifically 
with these determinant groups were produced by inoculating rabbits with each 
compound coupled with egg albumin by the azo linkage. For brevity and 
simplicity these two antigens are referred to as egg albumin-atoxyl arid egg 
albumin-sulphanilic acid respectively. 

To obtain a stable yet agglutinablo red-cell suspension possessing the 
specificity of the determinant group under study the following method was 
used. Before the performance of the test tho proteins of a human serum contain¬ 
ing an '* incomplete ” or non-agglutinating form of Rh antibody (anti-D) wero 
conjugated with the determinant group in question. In the test itself Rh* 
positive human red cells wero incubated at 37° C. with the treated serum in 
order to absorb the conjugated incomplete antibody. The cells, after a thorough 
washing in saline, formed a stable suspension which could be agglutinated 
specifically by antisera prepared against atoxyl or sulphanilic acid, as well as 
by antisera prepared against human serum globulin. 

The coupling of up to 15 groups per Rh antibody molecule did not destroy 
the specific combining power of tho antibody, although with certain sera tho 
demonstrable antibody titre was considerably reduced. 

The table shows the results of titrating tho agglutinating property of tho 
anti-atoxyl and anti-sulplianilio acid sera against cell suspensions carrying the 
respective determinant groups. Tho results clearly illustrate tho specificity of 
the reactions. Before testing, all the sera were absorbed free of agglutinins 
for normal human red cells. A further criterion of the specificity of these 
reactions was demonstrated by specific-inhibition tests using a 0-25 per cent, 
solution of either atoxyl or the sodium salt of sulphanilic acid ; only the 
homologous reactions were inhibited. 
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The experiments are still in a preliminary stage, nevertheless the method 
promises to have general application to those aspects of immuno-chemistry 


Table 

The agglutinating titres of anli-atoxyl and anli-sulphanilic acid sera against cell 
suspensions carrying the respective determinant groups 


Titration of sera 

Against 

Untreated 
human red cells 

Human cells 
sensitised uith 
untreated 
incomplete D 
Rh antibody 

Human cells 
sensitised with 
incomplete 

D Rh antibody 
conjugated 
with 

diazotised 

atoxyl 

Human cells 
sensitised with 
incomplete 

D Rh antibody 
conjugated 
with 

“ diazotised" 
sulphanilic acid 

Pre-inoculation rabbit sera 

0 

0 

0 

0 

Rabbit anti-egg albumin . 

0 

0 

0 

0 

Rabbit anti-egg albumin- 

0 

0 

160 

0 

atoxyl 





Rabbit anti-egg albumin- 

0 

0 

0 

160 

sulphanilic acid 





Rabbit anti-human globulin 

0 

>640 

>640 

>640 


0 = <2 


concerned with artificially conjugated antigens. The primary object of this 
and subsequent work is a study of the drug allergies. The intention is to see 
whether by an adaptation of this technique it is possible to demonstrate in 
the sera of such cases a circulating specific reagent. 
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CARDIO-VASCULAR RESPONSES TO AIR EMBOLISM 
6. R. Cameron, S. N. De and A. H. Sheikh 

Department of Morbid Anatomy, University College Hospital 
Medical School, London 

While working on pulmonary oedema (Cameron and Do, 1949) wo 
became interested in air embolism, and wo noted that, from time to 
time, animals showed curious variations in their susceptibility to this 
condition. Wo now report some experiments wo havo performed 
for the purposo of analysing cardio-vascular responses to pulmonary 
embolism, from which we concludo that the most important factor 
in fatal cases is blockage of the pulmonary circulation, although 
myocardial disturbance may play a part. 

, Methods 

Our observations havo been made on fully-grown, well-nourished male 
rabbits, 1*9*3 leg. body weight, ansesthotisod with intravenous Nembutal in 
doses of 40 mg ./kg. body weight, followed by a little ether whon vessels wero 
connulated for blood-prcssuro recordings and when electrodes wero inserted 
subcutaneously. Most of our experiments dealt with air embolism, ordinary 
atmospherio air being introduced through a left ear vein by displacement with 
water under 200 mm. Hg. pressure at varying rates. The device for this is 
shown in fig. 1, whom C donotes a screw clip for manipulation of tho rate of 
injection. Embolism was also produced by intravenous injection of an emulsion 
of potato Btarch preparod by Dunn’s method (1919-20), of a finely emulsified 
mixture of olive oil and lecithin and by the direct introduction of rape seeds. 
In this we made use of a slightly curved glass cannula of 2 mm. internal diameter, 
capable of holding about 100 seeds. It was connected by rubber tubing to 
the nozzle of a 20 c.c. glass syringe filled with normal saline at body temperature. 
Tho cannula could be introduced into an exposed jugular vein and the seeds 
run into the venous circulation along with a small quantity of saline. 

The right-auricular pressure was recorded throughout tho experiments by 
means of a plastic catheter inserted into tho right auricle by way of tho right 
external jugular vein and connected with a saline manometer and kymograph. 

j. vita . bact.— rot. ran lsi * r 
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The carotid pressure and respiratory movements rvere simultaneously recorded 
with a mercury manometer and a cuff wrapped around the chest respectively, 
both recording on a kymograph. E.C.G. tracings were obtained by placing 
spatulate German silver electrodes, 4-5 X1-0 cm., in the subcutaneous tissues. 
The three standard limb leads were employed. In the preliminary experiments 
tracings were made with a string galvanometer of standard speed and sensitivity, 
but because of difficulty in interpretation a direct recording apparatus (Cossor 
model) was substituted which was run four times faster than the normal speed, 
namely 1 cm. per second, and standardised to give a value of 2 millivolts for 



each 2 cm. excursion. Under such conditions, the various components of the 
E.C.G. curve are adequately spread out and easily decipherable. No inter¬ 
ference by muscle potentials was encountered. 

At the conclusion of each experiment, a careful autopsy was performed and 
a close study of the heart, blood vessels and lungs was made under water. 


Results 

1. Blood pressure and respiratory changes produced by 
air embolism in the intact animal 

That a relation exists between the rate of injection of air and the 
time of onset of death has long been recognised and is well brought 
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out in our experiments (table I). It will bo seen that as tho rato 
increases, the survival time decreases, although tho total amount of 
air thus introduced is by no moans constant. The carotid arterial 

Taum I 


Representatnc experiments on air embolism xn rabbits 


Itate nf Injection of air 
(c c per min) 

Time of deith 
(second*) 

Total amount of air 
Injected (c c) 

1 

520 

8 G 

1 

475 

7 9 

2 5 

225 

9 4 

3 

295 

14 9 

8 

80 

10 G 

13 

40 

8 0 

2 6 (bilateral vagotomy) 

270 

11 2 


pressure falls as the nght-auricular pressure increases (fig. 2), tho 
ebango in pressure being either gradual and sproad over a fairly long 


Rnp 





Fia 2 —Simultaneous recordings of respiration and of carotid and right auricular 
pressures before and after injection of 8 c c of air per minute intrajugularly. 
The arrow marks tho commencement of air injection 

time interval, or abrupt. Respiration rato is at first increased but 
becomes slow and irregular as embolism progresses. 
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If bilateral vagotomy be performed before tbe air is injected into 
the veins, respiration increases in depth and becomes slower. Such 
changes are exaggerated by embolism, but the carotid and auricular 
pressure variations are similar to those recorded in the intact animal 
and the lethal amount of air remains unchanged. These results suggest 
that a vagal reflex from the lungs does not give the circulatory 
disturbances associated with air embolism. 


2. The condition of the cardio-vascular system in 

air embolism 

The right ventricle and auricle, the great veins, the coronary veins 
and the pulmonary artery become distended with frothy blood, often 
to a remarkable extent. In contrast, the left auricle and ventricle, 
the pulmonary veins and the systemic arterial system are quite free 
from air bubbles and contain little blood. Despite careful search 
we have never found air bubbles in the coronary arteries or the left 
heart. 

In a few experiments air was introduced intravenously with the 
animal under artificial respiration and the heart exposed through a 
reflected sternum. Bubbles were seen to enter the coronary veins 
some time before the right heart dilated and the carotid pressure 
began to fall. In other words, air bubbles appear within the coronary 
veins early during embolism before the heart action begins to fail. 

3. Electrocardiographic findings in air embolism 

Each of our 10 rabbits with air embolism showed definito alterations 
in their E.C.G. pattern. A deep S wave appeared in lead I, together 
with a prolonged downward deflection of the R.S.T. interval, in 
which the T wave was submerged. The S.T. interval often terminated 
in a short elevation, indicating an upward component of the T wave. 
A slight but definite depression of the S.T. segment was also observed 
in lead II. The T wave, however, assumed an inconstant position, 
either appearing submerged in the S.T. interval, flattened or upright. 
In lead III a large, upright T wave was invariably noted, although 
it was flattened in one animal. The S.T. segment remained near 
the zero line in lead III except in two cases where it experienced an 
upward deflection. A pronounced Q wave was encountered once only. 

Other cardiac irregularities in these animals included frequent 
ventricular extrasystoles and sino-auricular and auriculo-ventricular 
block. In contrast to some other workers, we did not encounter 
ventricular fibrillation. 

Sinus slowing was observed twice and partial heart block on three 
occasions. We noted that ventricular extrasystoles were more 
numerous soon after the introduction of air emboli and that sometimes 
short paroxysms of ventricular ectopic beats developed at this time. 
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Tlie heart rato bccamo slowor in all but one of the animals ; in this 
rabbit it was rapid at first but slowed down in the later stages. By 
the slow introduction of air bubbles and simultaneous recording of 
carotid pressures wo could show that E.C.G. disturbances first appeared 
when the systemic blood pressure foil rapidly (figs. 3 and 4). 

wv. J\^j — Af-j — 




Fid. 3 —E C.G. tracings before and after intrajugular injection of 5 c.c. of air at 
the rato of 1 c c. per minute Tracings taken when carotid blood pressure was 
20 mm Hg. and pulse rate 300 per minute. Left hand curves normal, right-hand 
curves duo to air injection Load I top curves, lead II middle cur\ es, lead III 
bottom curves Lead I shows well-marked depression of S.T. segment with 
hurried T wave; rhythm regular. Lead II Bhows S T. segment at the iso¬ 
electric lmo; T upright. Lead III: a Q wave is visible ; S.T. take off is at a 
higher level than normal, T wave is large and upright. 



Fxo. 4 —Lead III tracings after injection of 1 c c. of air mtrnjugularly. Carotid 
blood pressure GO mm Hg , pulse rate 330 per minute. Paroxj sms of ventricular 
extrasystoles 

Bilateral vagotomy did not affect these disturbances of pattern. 
One vagotomised animal developed a mild tachycardia with embolism 
but the other rabbits showed the usual bradycardia. Since respiration 
is accelerated in the early stages of embolism, and might possibly 
influence the E.C.G. response, at the suggestion of X)r E. Pochin wo 
induced rapid respiratory movements in normal rabbits by making 

3 PATH BACT —VOL LXTT1 2 
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them inhale carbon dioxide, but we were unable to detect any significant 
alteration in the E.C.G. pattern of such animals. 

4. Circulatory changes with other forms of pulmonary embolism 

Fat, starch and rape-seed embolism gave arterial and auricular 
pressure disturbances similar to those with air embolism (fig. 5). 
E.C.G. changes with fat and rape-seed embolism resembled those 
obtained with air embolism (fig. 6). Bilateral vagotomy did not 


, i i i iri ff-n m - iTn-n - rrvTi i - i-n - r i rr-r-rr i r 
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Fig. 5.—Simultaneous recordings of respiration and of carotid and right auricular 
pressures before and after seed embolism which was produced in 2 stages (arrows 1 
and 2). 

affect the result. The interest of the rape-seed experiments is that no 
question of coronary-vein embolism arises, as with air embolism. 
The mean diameter of the rape seeds used was greater than that 
of the coronary veins we measured in rabbits and on no occasion did 
we find rape-seed emboli in structures other than the pulmonary 
arterial branches. Fat and starch emboli were located within the 
smallest pulmonary arteries and arterioles and sometimes as thin 
layers within capillaries. These experiments suggest that the main 
cause of the blood-pressure and E.C.G. disturbances is bio clung of 
the pulmonary circulation. Interference with the outflow of blood 
from the coronary venous system, reflex vagal action on the heart 
and mechanical blockage of the coronary arteries were eliminated as 
factors. We would also emphasise that we obtained no evidence of 
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passage of any of these emboli through tho pulmonary circulation 
to tho brain, so that a direct corobral factor may also he excluded. 






Fio. 0—E C G tracings after intra jugular injection of about 50 rape 6ceds. B P. 
mm Hg Curves on loft obtained bofore embolism, on right after embolism 
Lead I top curves, lead II middle curves, lead HI bottom curves Load I shows 
S T. segment greatly depressed, with T w ave humod and with deflections of 
high amplitude Lead II shows a low, almost flat T wave and a low take off 
of S T Lead III shows a high upright T wave. P R and Q R S normal S 
is shorter than usual Notclungs of unknown origin are seen m some complexes. 

This, too, can be done with air embolism, a conclusion also reached 
as the result of careful experimental studies by Richardson et cd. 
(1937), Curtillet (1939) and Kent and Blades (1941-42). 

Discussion 

Air embolism has interested pathologists for nearly throe centuries 
and has been the subject of much experimentation. Morgagni (1769) 
says that Brunner and Verdriesius confirmed the experiment carried 
out by Wepfer, “ who only by inflating with liis mouth the jugular 
vein, did, once on a time, lay prostrate and lull an ox, of a stupendous 
size The date of the Wepferian experiment is not known, Morgagni 
finding no mention of it in any of Wepfer’s writings published before 
1667. However, Redi (1667) states that he had killed instantly by 
the same procedure 2 dogs and a hare, and “ within the sixteenth 
part of an hour, in like manner ”, a sheep and 2 foxes. A vivid 
description of the clinical features and post-mortem findings in a 
variety of animals is given by Heydius (1683, quoted by Morgagni), 
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them inhale carbon dioxide, but we were unable to detect any significant 
alteration in the E.C.6. pattern of such animals. 

4. Circulatory changes with other forms of pulmonary embolism 

Fat, starch and rape-seed embolism gave arterial and auricular 
pressure disturbances similar to those with air embolism (fig. 5). 
E.C.6. -changes with fat and rape-seed embolism resembled those 
obtained with air embolism (fig. 6). Bilateral vagotomy did not 
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Pig. 5. —Simultaneous recordings of respiration and of carotid and right auricular 
pressures before and after seed embolism which was produced in 2 stages (arrows 1 
and 2). 

affect the result. The interest of the rape-seed experiments is that no 
question of coronary-vein embolism arises, as with air embolism. 
The mean diameter of the rape seeds used was greater than that 
of the coronary veins we measured in rabbits and on no occasion did 
we find rape-seed emboli in structures other than the pulmonary 
arterial branches. Fat and starch emboli were located within the 
smallest pulmonary arteries and arterioles and sometimes as thin 
layers within capillaries. These experiments suggest that the main 
cause of the blood-pressure and E.C.G. disturbances is blocking of 
the pulmonary circulation. Interference with the outflow of blood 
from the coronary venous system, reflex vagal action on the heart 
and mechanical blockage of the coronary arteries were eliminated as 
factors. We would also emphasise that we obtained no evidence of 



GARDIO-VASOULAR RESPONSES TO AIR EMBOLISM, 189 


SchOnbrunnor, 1935, 1937 ; Badnai and Mosonyi, 1930 ; Villarot cl ah, 
1930); (6) through air hubbies in tho coronary veins (von Balogh, 
1939, 1941); (c) through reducod aortic pressure and increased right- 
heart pressure, and resulting interference with venous drainage from 
the myocardium. 

Little doubt oxists in the minds of most workers that a mechanical 
block between the right heart and tho pulmonary outflow determines 
the course of air embolism. All agree that when the embolism passes 
a certain levol of severity, determined no doubt by tho size of tho 
air bubbles, tho aortic and systomic blood pressure falls as the 
pulmonary arterial, right ventricular, and venous pressures rise 
(Couty, 1875 ; Hauer, 1890 ; Jehn and Naegoli, 1918 ; Bergstrand, 
1924; Frey, 1927, 1929 ; Singh, 193G). Our observations agree 
with these, and wo havo shown in addition, by means of cardiac 
catheterisation, that tho right-auricular pressure increases as the 
systomic pressure falls. Those disturbances are temporary and right 
themselves completely if tho air embolism is not too severe or the 
air is introduced slowly; at times rather largo oscillations in blood 
pressure, in which artorial pressure drops abruptly and then recovers, 
suggest that a serious block in the pulmonary circulation is temporarily 
compensated for by the opening up of othor vossels in tho lungs. 
Singh noted similar variations in tho cardiac output of dogs as tho 
result of air embolism and explained those in the same fashion os wo 
havo done. Such plionomena are not peculiar to air embolism but 
are found in any form of sudden pulmonary block (Mann, 1917 ; 
Holden el al., 1949 ; our own observations). Another factor in 
recovery may be solution of air bubbles, especially of their C0 2 
content (Moore and Brasolton, 1940 ; Mylks et al., 1947), but in the 
acute cases there is little time for this to prove oflbetive. 

Bight-heart failure (acute cor pulmonale) has been advocated as 
the main cause of death in air embolism over since Erichsen (1844) 
and Cohnheim (1889) suggested that frothy blood would lead to 
ineffective contraction of tho right ventricle. Eorbes (1944), while 
admitting that froth would interfere with oxpulsion of blood from 
the right ventricle, stresses the obstruction of pulmonary arterioles 
with air, and this seems to be a fair statement of the present position. 
Tho functional disturbances are those of acute cor pulmonalo secondary 
to the pulmonary embolism. This point of view has been well argued 
by McGinn and White (1936) in tho case of thrombotic emboli subjected 
to embolcctomy, and support is given by the clinical observations of 
Hampton and Wharton (1920), Farr and Spiegel (1929), Hall and 
Ettinger (1933) and the ingenious experiments on cardiac obstruction 
of Lundy and Woodruff (1929). So far as we know, no one has proved 
that frothy blood endangers cardiac contraction although there are 
some old experiments of Erichsen which suggest that froth liinders 
the flow of fluids through vessels. 

From time to time a coronary or myocardial factor has been 
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canvassed as the important cause of death in air embolism and indeed 
in all forms of serious pulmonary embolism, and it is this intriguing 
problem that has interested us most. A series of electrocardiographic 
studies carried out on a variety of species is su mm arised in table II. 

Table II 

E.G.G. findings in air embolism 


Species 


Babbit 


Cat 


Dog 


E.C.G. findings 


1. Sino-auricular tachycardia ; 
A.V. dissociation; auricular 
flutter going on to fibrillation ; 
ventricular flutter going on to 
fibrillation 

2. Keversal of S.T. in lead I; 
curve of infarct type in lead 
III 

3. Transient bundle block curve 
and infarct type,, resembles 
curves in histamine collapse. 
Reversal of S.T. complex, 
curves of infarct type in lead 
III and regularly bundle block 
curves (uninfluenced by vago¬ 
tomy) 

Increased size of P curves, 
ventricular fibrillation, A.V. 
block 


1. T waves inverted when pul¬ 
monary artery totally occluded. 
With partial occlusion, T 
waves at first inverted, then 
slowly upright 

2. Changes in T waves and 
altered ventricular complex 

3. Depression of S.T. segment in 
leads II and III. No change 
in lead I. Not infrequently 
varying degrees of A.V. block 
or development of nodal 
rhythm. Rapid return to 
normal with recovery 

4. No constant alteration. De¬ 
pression of S.T. segment in 
lead III in 6/11 dogs. In¬ 
verted and diphasic T waves in 
lead III in 5/11. Prominent 
Q wave in 3/11 in leads I and 
III. Shifting pacemaker 
observed once and arterio¬ 
venous dissociation once. In 
fatal cases, gradual slowing of 
auricular rate ; no ventricular 
fibrillation 


Attributed to 


Block of coronary 
circulation especially 
coronary veins 
Predominant injury of 
rt. ventricle from 
interference with 
coronary flow 


Emphasises 
resemblance to 
pulmonary artery 
block 

Pulmonary artery 
block 

Block of rt. coronary 
artery 


Occlusion of a 
coronary artery 


Coronary insufficiency 
from reduced aortic 
pressure and increased 
pressure in rt. heart 
interfering with 
venous drainage from 
myocardium 


Author 


Frommel, 1928 


Kerber, 1938 


Walder, 1939 


Krumbhaar, 

1934 


Otto, 1928-29 


Buchbinder 
and Katz, 1934 
Durant, Long 
and 

Oppenheimer, 

1947 


Holden el al., 
1949 


Our findings are in close agreement with these. The interpretation 
of the E.C.G. disturbances is difficult and we were unable to decide 
in individual cases whether the primary factor in these disturbances 
was coronary or myocardial. At times we felt convinced that we 
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were dealing with coronary insufficiency alone, for the E.C.G. pattern 
was Bimilar in some respects with that obtained by ligation of the 
loft coronary artery in dogs by Smith (1918, 1920) and Wilson et al. 
(1934), in rabbits by Taterka (1939) and in human beings with acute 
coronary block by Parkinson and Bedford (1927-29). In other experi¬ 
ments we wore reminded of the patterns due to severe anoxia (Lewis 
and Mathison, 1910-11 ; Lewis et al., 1913-14 ; Greene and Gilbert, 
1921 ; Kountz and Grubor, 1929-30 ; Kountz and Hammouda, 1932 ; 
Rothschild and Kissin, 1933 ; Katz et al., 1934 ; Opitz and Tilmann, 
1936 ; Benson, 1940; Harris and Randall, 1944; Randall, 1944), 
or experimental collapse (Meessen, 1939 ; Tatorka, 1939). Wo can 
only conclude that tho E.C.G. findings reflect changing conditions 
in the myocardium and coronary vasoular system. But we are 
convinced that we can carry tho analysis of the coronary factor a 
stage further. A vagal reflex from the lungs can certainly bo excluded, 
for bilateral vagotomy does not influence any of the phenomena of 
embolism. It is well known that a nervous mechanism, the Bainbridgo 
reflex and probably other types of reflex, links pulmonary bloodflow 
with cardiac output, but we have obtained no evidence that these 
are concerned in embolism. We are also certain that the factor of 
coronary venous obstruction by air bubbles can be eliminated, since 
pressure changes and E.C.G. bohaviour are identical in air embolism 
and rape-seod embolism. In tho latter case wo can exclude direct 
blockage of the coronary veins, since the seed emboli are much too 
large to enter the coronary veins. Thero remains the possibility of 
coronary flow impairment because of reduced left-heart pressure from 
pulmonary block and increased right-heart pressure, and it is tin's 
view we find most acceptable in explaining the E.C.G. evidence of 
cardiac impairment. In some experiments we could show that the 
E.C.G. changes appeared only when the systemic blood pressure began 
to fall abruptly. On several occasions we formed the impression that 
the myocardial factor was a serious one. 

Finally, it seemed possible that cerebral ischtcmia might be a 
factor, since a pulmonary block would lead to diminished blood flow 
to the brain. Wo have therefore recorded the E.C.G. tracings in 
normal rabbits before and after ligation of both common and internal 
carotid arteries. Much to our surprise we found no evidence of cardiac 
disturbance. Indeed, the rabbits seemed to be none tho worse for 
the ligations. It would appear that the vertebral circulation suffices 
to keep them alive. Since the animals can tolerate such serious 
disturbances of their cerebral circulation, it seems unlikely that the 
much less severe impairment associated with pulmonary embolism 
can be an important factor. 


Summary 

Experiments are described in which air was introduced intra¬ 
venously into rabbits at controlled speeds and pressures. The 
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pathological changes and certain functional disturbances in the 
cardio-vascular system due to this air embolism are discussed and 
contrasted with the effects of other types of embolism. Reasons are 
given for excluding vagal inhibition of coronary flow, obstruction of 
the coronary veins by air bubbles, coronary arterial embolism and 
primary cerebral ischaemia as factors in the circulatory upset and it is 
concluded that death results from pulmonary block by air bubbles. 
Attention is drawn to the tolerance rabbits show for sudden ligation 
of both carotid arteries, probably because of an efficient vertebral 
circulation. 

We gratefully acknowledge the assistance of Drs Kenneth Harris, E. Pochin, 
H. H. Wolff and A. Hollman in the study of the electrocardiograms and of 
Mr F. J. Crew in the experiments. Expenses were met by a grant from the 
Graham Research Fund of the University of London. 
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EXPERIMENTAL PULMONARY HYPERTENSION 


C. V. Harrison 

Postgraduate Medical School of London 

(Pirate XXXI) 

In a previous papor (Harrison, 1948) ifc vas shown that repeated 
intravenous injections of fibrin clots into rabbits produced fibro-elastic 
intimal thickening in the pulmonary arteries. In addition there was 
Borne evidence that right-ventricular liyportropliy resulted from this 
but the evidence was equivocal bccauso too few animals were used. 
It seemed desirable to repeat this work in order to ascertain firstly 
whether right-ventricular hypertrophy did occur, socondly whether 
it decreased or disappeared if the embolism was stopped and the 
animals allowed to recover, and thirdly whether the cardiac hyper¬ 
trophy could bo accounted for by simplo mechanical blockage of the 
pulmonary arterial treo. 

Technique 

The technique used was similar to that of the enrlior experiment except tier 
tho injections were 2 ml. weekly instead of 1 ml. twice weekly. Forty xxiL f 
human blood were taken asoptically (from one donor) and allowed to dot. 
Tho serum was discarded and tho clot placed in a tissue homogenizer (Foilin' 
and Watson, 1048). Tins was allowed to run for 10 minutes at 5000 r-Tun. 
and effectively broke up the clot into fragments of not more than about 1 mru 
diameter. Tho clots were washed in stcnlo Balino till thoy wore buff t j pink 
m colour and then tho volume was adjusted to tlio original 40 ml. Two tr 
this clot suspension wore injected into each of 20 rabbits A few arums."’* di*d 
after the first injection duo to faulty techmquo and were replaced At 
end of 20 weeks 4 rabbits had died, always soon after an injection, ead zz tk 
estunated that the number of injections given had been sufficient Six 
rabbits were then killed and these together with those alrcadj dead 
group 1. The remaining ten animals were then allowed to recoier fo^ z far* ^ 
period of 19 22 weeks and were then killed These formed group 2 rz 

20 healthy rabbits wore kiUcd and formed a normal control group 
In the normal control group and in group 1, the thoracic viscera wer» 
immediately after death and the pulmonary artery was injected 
opaque mixture of gelatine and lead oxide Immediately after thi*, 
gelatine had set, the lungs wore inflated to normal size via the tr&z-.xi, •vx^z- 
formol saline The whole was allowed to fix for a day or two zii* 

heart was removed and X*ray photographs taken of the lusr_ 
injection was performed in group 2 

In all coses the auricles wore removed from the ventricles 
"Were separated into right and loft according to the method of 
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Wilson (1921-22). The two ventricles were weighed separately and the weight 
of the right expressed as a percentage of the left (R.V./L.V. per cent.). 

The details of the experiment are set out in table I. 


Tabus I 

Details of experiments on pulmonary embolism 


Animal no. 

Ko. or weekly 
injections 

Died ot killed 

Animal no. 

Xo. of weekly 
injections 

Duration 
ofrecovery 

19 

12 

D 

25 

18 

19 weeks 

29 

14 

D 

26 

17 

19 


36 

14 

D 

27 

17 

19 


37 

6 

D 

28 

17 

19 


IS 

20 

K 

30 

17 

19 


20 

IS 

K 

31 

17 

19 


21 

17 

K 

32 

17 

22 


22 

IS 

K 

33 

17 

22 


23 

17 

K 

34 

17 

20 


24 

18 

K 

35 

17 

22 

It 


Results 

Skiagram of 'pulmonary tree 

Satisfactory injections were obtained in 15 out of the 20 controls 
and fig. 1 shows the appearance of the normal pulmonary vascular 
tree. The main pulmonary arteries are large and regular and give 
off a series of wide primary branches. These frequently show localised 
constrictions, presumably due to muscular contraction. They in 
turn give rise to secondary branches which may show a few con¬ 
strictions but generally have smooth outlines. Beyond these divisions 
the arteries are too small and too numerous for details to he visible. 
In the ten rabbits of group 1, three injections were technically imperfect 
but the remaining seven (nos. 18, 20, 21, 23, 29, 36, 37) were adequate. 
These did not show any recognisable embolic obstructions (fig. 2) 
and on the whole showed fewer constrictions in the primary branches 
than did the controls. 

Arterial changes 

In the rabbits of group 1, whose pulmonary arteries were injected, 
intimal lesions were difficult to see because the injection mass had 
distended the vessel and flattened the thickened intima and also 
because the mass took up some stain. In the animals of group 2 this 
difficulty did not arise. Here the lesions had all undergone fibrosis 
and considerable new elastic tissue had been laid down. These lesions 
were exactly like those previously described and illustrated and it is 
unnecessary to describe them further. 

Heart weights 

The individual weights are set out in table II. From this it will 
be seen that in the twenty normal controls the right ventricle expressed 
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as a percent age of loft vontriclo (R.V./L.V. per cent,) had a mean 
value of 50*35 per cent. In the experimental group 1 (animals dying 


Table II 

Heart Heights in experimental and control animals 



during or lolled just after pulmonary embolism) the value was 67*95 per 
cent. In the group 2 (animals recovered for five months) tho figure 
was 51*71 per cent. The various comparisons between these values 
and their statistical evaluation are set out in table III. It will be 
seen from this that the difference between the normal controls and 
group 1 is 17*0 per cent, and is highly significant but it might be 
argued that tho animals which died of embolism were more sovorely 
harmed than those which had to be killed and that perhaps the latter 
did not havo significant right-ventricular hypertrophy. To overcome 
this objection a comparison was made between those six animals 
which were killed and the controls and although the difference is less, 
14-S per cent., it is still significant. It is therefore fair to conclude 

j PAin iuct — vox, Lxni K 
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that pulmonary embolism of the degree used in this experiment, does 
produce right-ventricular hypertrophy. 

Table III 

Statistical analysis of the experimental and control groups 


Comparison 

Difference 
between 
means 
{per cent.) 

Standard 
error of 
means 

B 

Degrees of 
freedom 


Conclusion 

20 normal controls with 
10 animals in group 1 

17-60 

3-66 

4-81 

28 

0-001 

Significant 

difference 

20 normal controls with 

6 animals in group 1 

14-80 

4-25 

3-49 

24 

0-01 

to 

0-001 

Significant 

difference 

10 animals in group 1 
with 10 animals in 
group 2 

16-24 

3-87 

4-19 

18 

0-001 

Significant 

difference 

20 normal controls with 
10 animals in group 2 

1-36 

3-09 




No significant 
difference 


If now the ten animals in group 1 are compared with their ten 
fellows in group 2 who received similar treatment but were allowed 
to recover, it is seen that the difference between their right-heart 
ratios is 16-24 per cent, and is highly significant. This indicates that 
the right-heart hypertrophy disappeared when the stimulus causing 
it was removed. 

If a similar comparison is made between the recovered rabbits 
in group 2 and the normal controls the difference between their mean 
R.V./L.V. ratios is only 1-36 per cent., which is much less than its 
own standard error and not at all significant. This suggests that the 
disappearance of right-heart hypertrophy was complete. 

Discussion 

This experiment shows that repeated showers of small pulmonary 
emboli (1 mm. diam.) produce right-ventricular hypertrophy and 
presumably do so by raising the blood pressure in the pulmonary 
circulation. This rise of pressure lasts only as long as the emboli 
continue to impact and when this ceases the right-ventricular hyper¬ 
trophy disappears completely. Injection of the pulmonary arteries 
failed to show any apparent obstruction to the pulmonary circulation, 
which implies that the rise of pulmonary blood pressure was not the 
result of simple mechanical blockage. This is in line with previous 
experimental and human observations. The operation of pneumo¬ 
nectomy removes one-half of the total pulmonary circulation yet it 
does not give rise to pulmonary hypertension (Brenner, 1935); 
Holden et al. (1949) produced massive pulmonary embolism in dogs 
and found that it was necessary to obstruct 70 per cent, of the 
pulmonary circulation before the animals died ; degrees of embolism 
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Tio 1 —Control rnblnt Skmgmm of injected pulmonary arteries 
showing tlio normal pattern 



Fic 2 —E-spenmentnl rabbit no 20 Injected pulmonan nrtene 3 
showing absence of any visible occlusion 
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less than this caused only transitory circulatory changes to which 
the dogs rapidly bocamo adjusted. Similarly Haynes et al. (1947) 
showed that occlusion of a main pulmonary artery in dogs by an 
inflatable balloon did not cause a change in the pulmonary blood 
pressure. On the other hand, they found that the injection of a 
quantity of minute omboli caused a rise of pulmonary pressure and 
other acute circulatory' changes. From those observations it appears 
that two different mochanisms aro at work according to whether 
largo or small emboli impact. If largo emboli become impacted the 
result is a simple mechanical obstruction which must be massive to 
causo death. If, on tlio othor hand, a showor of minute emboli 
becomes impacted thoro is a riso of pulmonary' pressure which is 
disproportionate to the proportion of the vascular bod obstructed, 
and somo other mechanism lias to bo invoked to explain it. In the 
greater circulation thoro is evidonco that the impaction of an ombolus 
in a muscular artery or oven in an elastic artery causos spasm both 
at sito of impaction and in tho adjacent branches (Allen et al., 1940 ; 
Learmonth, 1948). In the lessor circulation tho same phenomenon 
has not been demonstrated with certainty, but Shorf and Boyd (1948) 
suggest that it probably does occur and offer indiroct evidence in 
favour of this view. Daly et al. (1947) havo shown that in dogs a 
vasomotor mechanism exists and is capable of causing a rise of 
pulmonary blood pressure. 

From theso various observations it seoms reasonable to assume 
that tho impaction of small emboli in the finor branches of the 
pulmonary' arteries produces a reflex spasm which causes a rise of 
pulmonary blood pressure in excoss of that caused by the mechanical 
blockage, and further, that this spasm is not induced or is of minor 
degree if tho occlusion occurs in the largor pulmonary arteries and 
that here mechanical obstruction is the dominant factor. The results 
of tho present experiment add further evidence in support of this 
hypothesis so far as it concerns tho smaller type of vessel. 

Summary 

Twenty rabbits were subjected to repeated showers of minute 
pulmonary emboli consisting of fibrin clot. Ten of these, killed 
immediately after embolisation, had a significant dogree of right- 
ventricular hypertrophy, but post-mortem injection and X-ray of 
their pulmonary arteries did not show any vascular occlusion. Ten 
rabbits that were allowed to recover for 20 weeks after embolisation 
had no right ventricular hypertrophy. It was concludod that minute 
pulmonary emboli cause a rise of pulmonary blood pressure by 
inducing vascular spasm. 

I am indebted to Dr D. A. hlitchison for his help with the statistical analysis, 
to Dr Duncan "White for the skiagrams and to Sir E. V. Willmott for the 
photograplis. 
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INTIMAL VASCULARISATION AND 
ATHEROSCLEROSIS 

Erich Geip.koer 

Gerontological Research Unit, University of Edinburgh 

(Plates XXXH-XXXV) 

The history of tho study of atherosclerosis in tho past falls rather 
sharply into two phasos. The first, which was characterised by an 
exhaustive analysis of the morbid histology, led to the isolation of 
atherosclerosis as a separate entity and to the formulation of a great 
variety of hypotheses as to its etiology and pathogenesis. Although 
the hopes of arriving at a full understanding of the causes of this 
disease by a minuto analysis of its microscopical features were not 
fulfilled, it was during this phase that the basic facts were accumulated 
on which all later work rests and must continue to rest. This achieve* 
ment was largely tho work of German pathologists in the socond half 
of the 19th century and is linked with tho names of Rokitansky, 
Virchow, Thoma, Marohand and Jores. 

The succeeding phase, which may be referred to as the biochemical 
and experimental one, dates from 1913, the year in which Anitschkow 
succeeded in inducing lipoid lesions in the aorta of rabbits by raising 
the serum-cholesterol level. The theoretical implications of this 
discovery, and evon more tho fact that it provided a comparatively 
simple and reliable experimental method, led to a widespread and 
intensive study of tho relation of cholesterol metabolism to athero¬ 
sclerosis, and in this new phase Anglo-Saxon investigators contributed 
notably. It is probably fair to state that this phaso also has failed 
to provide a satisfactory concept of tho ."etiology of human athero¬ 
sclerosis, but inevitably it has increased our understanding not only 
of this disease but also of cholesterol metabolism generally, both 
normal and abnormal. 

Meanwhilo, in 1938, by the publication of their book, Tho biology 
of arteriosclerosis, Wintemitz and his co-workers opened up a new 
approach which, together with the interesting observations of Duguid 
(1946), may well mark the beginning of a new' stage in the study of 
this important disease. Wintomitz’s contribution consisted in a 
careful and thorough demonstration of the phenomenon of intimal 
vascularisation, a phenomenon which, although recognised by tho 
early German investigators, had never been accorded its proper 
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importance in the genesis of the late complications of atherosclerosis. 
Winternitz was able not only to describe and to illustrate beautifully 
the anatomy of intimal blood channels but also to demonstrate 
convincingly that a study of the vascular disturbances of athero¬ 
sclerotic plaques provided the key to an understanding of many of 
the most striking features of the later phases of the disease. Indeed, 
ho went further and claimed for intimal vascularisation a decisive 
part in the inception of atherosclerotic lesions but in this we may 
not be able to follow him. The work of Duguid also has its roots in 
the observations of 19th century pathologists. The great Rokitansky 
(1852) was of the opinion that atherosclerosis was caused by an 
excessive accretion and deposition of an inner vascular layer from 
the blood stream. Under the impact of Virchow’s opinions, however, 
Roldtansky largely modified his view and in 1856 regarded it as 
merely a helpful nomenclatural concept (pp. 313-14). It remained for 
Duguid to demonstrate clearly that mural thrombi do indeed become 
incorporated into the intima in such a fashion as to be indistinguishable 
from, atherosclerotic thickenings. 

At first sight these two individual contributions to the problem of 
atherosclerosis may seem rather unrelated, and it is one of the objects 
of this paper to demonstrate the connection between these two 
phenomena and to explain why one cannot be understood without 
the other. 

As is usual, these important advances in our knowledge were 
gained by the employment of special techniques, injection and clearing 
in the one case and serial section in the other. In order that these 
acquisitions may become common property of pathologists and so 
the basis for further advances, it is desirable that we should learn to 
see them in ordinary routine sections. It is a common and important 
development that facts which at first can be elucidated clearly only 
by a specialist technique can thereafter be appreciated by simpler 
methods. It is the further aim of this paper to show how, based on 
the work of Winternitz, Duguid and others, the important features 
of intimal vascularisation and of thrombogenic atherosclerosis can be 
recognised and studied in single routine sections. 


Material and methods 

The material for this study, which was derived from routine autopsies at 
the Royal Infirmary, Edinburgh, consisted of 300 aortas taken in their entirety 
and sections from 100 hearts, including the first inch of the anterior descending 
branch of the left coronary artery. The specimens were fixed in 10 per cent, 
formol and blocks from suitable portions were cut in series by the paraffin 
method and occasionally with the freezing microtome. The sections were 
stained with litematoxylin and eosin. No fixed system was followed in the 
examination of the serial sections, which were sometimes consecutive, sometimes 
at intervals of three or four, or singly, depending on the point under investiga¬ 
tion, the most commonly employed thickness of the sections being 10 g. 
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The growing intima of human arteries is an avascular structure and 
remains so in the vast majority of instances throughout life 

This important and easily verifiable fact has been vaguely challenged 
by the work of Wintomitz and his associates and it may therefore 
be of some importance to re-emphasise it. Tho presence of a vascular 
network in the advontitia and media of artorios is an established fact 
of anatomy and histology. It has also boon known, at least sinco 
the work of Rokitansky (1850, pp. 310-11) that old atherosclerotic 
plaques become vascularised. It is very difforont with regard to tho 
normal intima. All observers have consistently failed to discovor a 
vascularised ploxus in tho subondotholial space. Wintemitz conveys 
the impression that ho tliinks tho normal intima to be vascularised, 
yet a careful perusal of his book fails to revoal any evidence for such 
a view. The result of his investigations in this respect is best summed 
up in his own words (p. 111). “ The lack of demonstrable vessels in 
the inner media and intima . . . has not been absoluto ”. This double 
negative refers to the fact that on a few occasions he has been able 
to open up isolated “ potential ” blood channels. This was accom¬ 
plished by an injection technique employing pressures up to 1500 mm. 
of mercury, i.e. ten times tho pressure prevailing in tho aorta during 
lifo. Manifestly, it is misleading to try to establish normal channels 
of blood flow by such methods, oven apart from the artefacts 
(“ sinusoids ”) which are thus created. Even so, Wintemitz has at 
best been able to demonstrate tho very occasional occurrence of 
isolated intimal blood channels and it is to bo doplorod that he creates 
tho impression of believing in vascularity of tho human arterial intima 
as a common and normal phenomenon. This criticism lias to be 
expressed in clear terms, as the very excellence and importance of the 
rest of his findings might create a danger of this untenable concept 
being accepted along with them. That the normal intima should 
be an avascular structure becomes understandable when we examine 
the physiology and mode of nutrition of the subendothelial layer. 
Having regard to the high intra-arterial pressure and to tho 
permeability of the ondotlielial lining it cannot be doubted that the 
innermost layer of the arterial wall derives its nutriment directly 
from the main lumen. This permeation of plasma constituents through 
the endothelium was postulated by Virchow and has been demonstrated 
by, among others, Petroff (1922) and Duff (1932). Tho depth of 
tissue which can thus be directly nourished by filtration from tho 
main lumen depends on the height of the filtration pressure and is 
therefore greater in tho large arteries than in other blood vessels. 
In normal arteries this depth corresponds approximately to that of 
the intima plus the inner third of the media. We might, on tills 
basis, distinguish a physiological intima, meaning that part of any 
blood vessel which is nourished directly from the main lumen. 

An adequately nourished tissuo provides no stimulus for capillary 
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growth, and the arterial intima will therefore remain an avascular 
structure while its depth remains within the radius of trans-endothelial 
filtration. The simplest way of understanding this matter is to 
consider the endothelial tube which lines the main arteries as the 
capillary bed of the subendothelial tissues different from other 
capillary beds only in the higher pressure at which it delivers its 
filtrate. This arrangement becomes inadequate if the intima grows 
beyond a certain thickness or density and under such conditions the 
intima can form or receive capillaries. 

Intimal vascularisation is a phenomenon secondary to excessive intimal 
growth and the intimal depth at which vascular networks will first 
make their appearance varies in each artery with the height of the 
intra-arterial pressure 

In an examination of 300 aortas (Geiringer, 1949) and of 100 
coronary arteries (Geiringer, 1951) the critical depth beyond which 
vascularisation makes its appearance was found to be approximately 
0-5 mm. for the aorta and approximately 0-35 mm. for the first inch 
of the anterior descending branch of the left coronary artery. 
Vascularisation will occur in any stretch of arterial intima which 
exceeds the critical depth, whether the area concerned be the seat 
of atheromatous lesions or not. It is true that a thickening beyond 
the critical depth is usually associated with atheroma, but where 
such thickenings happen to be of a purely fibrous type, vascular 
channels can nevertheless be found. They are, in these instances, 
not as numerous as in an atheromatous plaque of equal thickness, 
but it is of fundamental importance to realise that intimal vascularisa¬ 
tion is a function of intimal thickness and not of atherosclerosis. 
The examination of single routine hematoxylin and eosin-stained 
sections for intimal vascularisation does not, of course, reveal the 
intricate network which can be outlined by the injection technique. 
Nevertheless, the existence of intimal blood channels can almost 
always be demonstrated in intimas of more than critical thickness, 
and with careful search they will be found in well over 90 per cent, 
of cases in the examination of a single slide. On the other hand, in 
intimas of less than critical depth they are never found. 

Three types of intimal plexus can be distinguished, namely 
transmedial vascularisation, vascularisation from the lumen, and a 
combination of ,the two. 

Transmedial vascularisation 

It is a common experience that the normal vascularity of the 
thin-walled arteries of young subjects is confined to the adventitia 
and that with advancing age and increasing thickness, the outer 
two-thirds of the media also take part in this vascularity. If the 
intima grows even thicker, vessels begin to appear in the inner third 
of the media and eventually penetrate the internal elastic lamina, 
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thus becoming intimal. This process was described in some detail 
by Wolkoff (1929). Microscopic study of sections showing this trans- 
medial typo of intimal vascularity creates the strong impression that 
such abnormal permeation and disruption of tho medial coat by blood 
vessels cannot take placo without interference with medial function 
(fig. 1). That incroasod vascularity might weaken the media was 
pointed out by Koester as early as 1875 (quoted by Jores, 1903), 
and it would appear probable that we are dealing here with one of 
the vicious circles in which pathology abounds ; for while vascularisa- 
tion of the media seems to bo caused by intimal thiokoning, it cannot 
bo doubted that any resulting weakening of the media would bo a 
stimulus to further intimal hyperplasia. The same applies to cases 
of primary modial disease whore the compensatory intimal hyperplasia 
will provide a stimulus to medial vascularisation and thus to its 
further weakening. 

These vessels, which are presumably formed by progressive sprout¬ 
ing of capillaries towards an area of relative ischaunia, retain their 
capillary structure, t.e. they rarely acquire a media or adventitia, 
though their calibre is quite often of arteriolar dimensions. When 
they reach tho intima they penetrate it until thoy have roached a 
certain critical distance from tho lumen. They then give off terminal 
branches which tend to remain at roughly tho same critical distance 
from the lumen. This type of intimal vascularisation is found most 
often where the intima has thickened by slow degrees and in a more 
of less concentric fashion. It is, so to spoak, the “ normal ” method 
by which the intima acquires an adventitious blood supply, since 
it is derived from the normal peri-arterial plexus. It is seen most 
frequently in the fibrous hyperplasia without marked atheroma so 
often encountered in the coronary arteries of aged men. Plaques of 
atheroma also may show this variety, hut more ofton display the 
second type of intimal vascularisation. 


Vascularisation from the lumen 

Woodruff (1920) has noticed the occasional occurrence of blood 
channols starting from tho main lumon and traversing tho intima in 
the ascending aorta of the dog and Winternitz (p. 27) has seen similar 
appearances in the aorta of a cow and thinks that channols of this 
land can also ho found in normal arteries of man. There is, however, 
no support in tho literature for such a belief, and in the present series 
of human aortas and coronary arteries, direct intimal vascularisation 
from the main lumon was never seen in otherwise healthy vessels. 
It may he accepted that such channels, if thoy occur at all in normal 
human arteries, must be rare indeod. Moreover, the above-cited 
cases refer to channels which traverse the intima without giving rise 
to branches. On the othor hand, a type of intimal vascularisation in 
which the supplying vessel can bo traced from the main lumen of the 
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artery is quite commonly seen in association -with atheromatous 
plaques, especially where these are eccentric and exuberant. Duguid’s 
demonstration of the thrombogenic nature of many of these plaques 
has thrown a flood of light upon this problem. A study of the fate 
of mural thrombi with special reference to their vascularity loads 
to the following conclusions. Vascularisation from the lumen is mot 
with in plaques of thrombotic origin and may indeed be taken as 
evidence of the thrombotic origin of such a plaque. This type of intimal 
blood supply represents the remnants of the vascularisation which 
any mural thrombus undergoes in the course of its organisation. If 
the organised thrombotic material plus the underlying original intima 
does not exceed the critical depth for the artery in question, then 
the thrombic capillary plexus will, in course of time, completely 
disappear, leaving an avascular intima behind. Where, however, as 
frequently happens, the added mass of the thrombus creates an intima 
too thick to be nourished by filtration from the main lumen, a portion 
of the thrombic plexus will remain patent and spread itself in the 
intima at roughly the critical distance from the lumen (fig. 2). The 
supplying giant capillary will in these cases join the lumen, as is 
natural in view of its origin (fig. 3). In single routine sections, it is 
not often possible to see the orifice into the lumen of the supplying 
vessel. Two criteria may then be employed to recognise tins second 
type of intimal vascularisation. First, it will often be possible to see 
portions of the blood channel and to follow it for some distance in 
the direction of the lumen (fig. 4); second, the endothelium-lined 
blood spaces in the intima will often be found excessively large and of 
bizarre outline (fig. 5). This is a characteristic of thrombogenic 
vascularisation and is the result of secondary endothelialisation of 
the irregular interstices of the shrinking thrombus (Heuking and 
Thoma, 1887). Intimal vascularisation from the lumen is found 
much more commonly in the aorta than in the coronary arteries. 

This thrombogenic method of intimal vascularisation complicates 
the study of this question by presenting an obvious source of fallacies. 
It takes a considerable time for a mural thrombus to reach the quiescent 
stage of full organisation and until then it will show greater vascularity 
than is in accordance with the above-described theory of critical 
depth. In the earlier stages when it is readily recognisable as a mural 
thrombus, this does not create any confusion, but later, when it has 
become to a large extent incorporated in the intima, this excessive 
vascularity may confuse the issue unless one realises the thrombotic 
nature of the intimal thickening (fig. 6). Conversely, retention of a 
sufficient vascular supply often fails to occur and the incorporated 
thrombus then presents as an avascular addition to the intima with 
transmedial vascularisation on its deep aspect and necrosis in its 
centre (fig. 7). 

These two types of intimal vascularisation thus provide a ready 
means by which to distinguish two types of intimal growth :—(1) 
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transmedial vascularisation, with an intima which has gradually, by 
steady growth or continuous accretion, progressed boyond its critical 
thickness, and (2) vascularisation from the lumon, which is witness 
to a sudden and catastrophic growth in thickness of tho intima by 
mural thrombosis. 

Combined form 

It is not surprising that tlieso two forms of intimal vascularisation 
are ofton found in association in the same stretch of artery. Whore 
they coexist, they can usually bo shown by serial section to liavo 
established anastomoses. Thrombosis, no doubt, often occurs ovor 
an intima which already possesses a tranBmedial blood supply, but 
it must be emphasised that mural thrombosis over an avascular 
intima ronders the underlying tissues ischaemic and is itself a potent 
stimulus to proliferation of adventitial capillaries towards the intima. 
At the same time, vascularisation of the thrombus can often bo soon 
oxtending into tho underlying intima (fig. 8). In this way, the result 
of mural thrombosis is not simply a thrombogenic vascularisation of 
the intima but, more often perhaps, the establishment of a combined 
network linking tho main lumen at a numbor of points with the vasa 
vasorum. In Wintemitz’s book there are many beautiful illustrations 
of this form of vascularity, but tho pathologist working with only one 
or two thin and uninjected sections will usually have to bo content 
with suspocting its existence when he oncountors foatures of trans¬ 
medial vascularisation associated with others suggesting vascularisation 
from the lumen. 

Fate of the vascvlarised intima 

Secondarily evolved blood supplies occurring in pathological now 
formations aro notoriously unstablo and subject to interference. They 
are built up haphazard in response to local need and lack the safe¬ 
guards which characterise the more hereditarily determined plexuses 
of normal organs. Often they run in abnormal tissues which do not 
provide them with sufficient support. They lack good collateral 
connections and shunts and arc built on a marginal basis. The 
component vessels are often of tho giant capillary type, i.e. with walls 
inadequate for tho volume of blood which they carry. An intima 
depending on such a precarious blood supply is prone to secondary 
disturbances which, becauso of tho proximity of tho arterial lumen, 
may not be confined to this tissue but have serious local and distant 
repercussions. 

Necrosis 

Intimal necrosis may result from failure of an incorporated mural 
thrombus to retain or acquire a sufficient blood supply. Tho causes 
of such failuro are obscure. When, on the other hand, adequate 
vascularisation has occurred, thero are probably two mechanisms by 
which necrosis may be induced. The supplying vessel may become 
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blocked by thrombosis, as was demonstrated by Wintemitz, or 
infarction may result from sudden lowering of blood pressure and 
consequent failure of supply to this marginally nourished tissue. 
Where the hypertrophied and vascularised intima is of a purely 
fibrous character, the resulting infarct will tend to have the character¬ 
istics of hyaline necrosis, whereas infarction of an atherosclerotic 
focus will result in classical “ atheroma ”, i.e. a collection of dead 
connective tissue, disintegrating cholesterol esters and crystals of free 
cholesterol. Calcium also will appear in increased amount in these 
necrotic atherosclerotic plaques. Since intimal necrosis is almost 
invariably a consequence of a disturbed secondary blood supply it 
is never seen in plaques or stretches of intima which are below the 
critical depth. In the past, it has been regarded as paradoxical that 
very big plaques may sometimes escape necrosis, while comparatively 
small ones show this change to a marked degree. This we can now 
readily understand. The occurrence of necrosis is determined by the 
breakdown of the adventitious blood supply and this in turn is a 
result of factors which may have no relation to the size of the plaque. 
Wintemitz has stressed the importance of intimal haemorrhage as an 
independent accident which often befalls these vascularised plaques. 
Such haemorrhages, however, are never seen in the absence of necrosis 
and are therefore probably more often the consequence of ischaemic 
infarction, the disintegration of the supporting ground substance 
being a likely cause of capillary rupture. We may in these cases 
justifiably speak of haemorrhagic infarction. 

Local repercussions 

There is a tendency for red thrombi to form over infarcted plaques. 
Some authors consider this to be a result of the ulceration of these 
plaques, but microscopic study leaves no doubt that red thrombi 
also form over well-covered necrotic plaques. The mechanism in 
these cases is probably a release of thromboplastic substances from 
the necrotic material inside the plaque. It is a similar mechanism 
to that responsible for the formation of mural thrombus in myocardial 
infarction. 

This tendency to clot formation over necrotic plaques is of relatively 
little importance in the aorta. An application of these facts to smaller 
vessels, however, and especially to the coronary arteries, is of great 
interest. Coronary thrombosis occurs usually over necrotic athero¬ 
matous plaques, and has been shown to be often associated with 
intra-plaque haemorrhages (Paterson, 1936). Intra-plaque haemor¬ 
rhages can also be found in non-occluded coronaries. 

The sequence of events may be constructed variously : 

1. The plaque, which as Duguid has shown, may itself be largely 
a product of thrombosis, becomes vascularised. Extension 
of atheroma, capillary thrombosis, a sudden lowering of 
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systemic artorial pressure, or a spastic narrowing of the 
artery, interferes with its blood supply. It bocomes infnrcted 
and a thrombus forms over it. 

2. A thrombus occurring independently of intra-plaque changes 
occludes the coronary artery and at the same time interferes 
with the blood supply of the plaque, which bocomes infarcted. 

The first sequonco is probably the more common, so that it would 
appear that coronary (plaque) infarction is the most frequent cause 
of coronary thrombosis. Summarising in general terms wo may say 
that plaque infarction often causes thrombosis and that thrombosis 
is ono important cause of plaque infarction. 


Distant repercussions 

Three phenomena may be mentioned here, one of which is certainly, 
one probably and one possibly related to intimal necrosis, (re) Embolic 
dissemination of nocrotio material or of detached mural thrombi. 
Both of theso accidents are known to occur with considerable frequency 
(Meyer, 1947 ; Zak and Elias, 1949). (6) Increased clotting tendency 
of the blood due to the release into the circulation of thromboplastic 
material from the necrotic focus. The amount of such material 
released from a single plaque is probably not sufficient to cause a 
significant alteration in tho clotting tendency of the blood, but when 
wholesale necrosis of many big plaquos has occurred, as can somotimes 
be seen in the aorta, this may become an important factor. In the 
same way the increased clotting tendency observed after myocardial 
infarction (Wright, 194G) can probably be accounted for by the release 
of thromboplastic material from the dying heart muscle, (c) The 
exact physiology of collateral circulation is still very poorly under¬ 
stood, but it would seem possible on present knowledge that the 
irritation by a necrotic focus in one part of an artery might bo the 
cause of disturbed function and, more especially, of spasms in related 
parts of the artorial tree (Meiners, 1950). 


Clinical significance 

Living atherosclerotic thickenings are rarely a source of trouble. 
The only clinical effect which we may ascribe with any degree of 
confidence to the existence of non-necrotic atherosclerosis is an 
occasional significant stonosis of one of the main ostia, especially 
those of tho renal or coronary arteries. The vast majority of vascular 
accidents due to atherosclerosis occur in relation to necrotic plaques 
and, as we have seen, intimal vascularisation is tho forerunner of 
intimal necrosis. The new phase in the study of atherosclerosis thus 
concentrates attention on the feature which confers upon this lesion 
its claim to one of the most important killing conditions. A full 
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understanding of intimal vascularisation is the prerequisite of a 
rational therapeutic approach to the question of late atherosclerosis. 
This latest phase is even less likely than the preceding ones to unveil 
the mysteries of the retiology of atherosclerosis and of the pathogenesis 
of its early lesions, but by giving a pathological basis to the trials of 
anticoagulants it promises already to yield some practical benefit to 
the sufferers from this widespread affliction and this, after all, must 
remain the main object of pathological research. 


Summary 

The study of 300 human aortas and of 100 coronary arteries leads 
to the following conclusions :— 

1. The normal arterial intima is an avascular structure. 

2. It acquires a secondary blood supply if it grows beyond a 

certain critical thickness. 

3. This critical thickness, which varies with each artery, is about 

0-5 mm. in the aorta.and 0-35 mm. in the proximal part of 
the anterior descending branch of the left coronary. 

4. Intimal vascularisation occurs either through an extension of 

the adventitial plexus into and through the media or by 
retention of the vascular network of organising mural thrombi. 
When both processes occur in the same vessel, anastomoses 
usually form. 

5. This adventitious blood supply of the intima is liable to inter¬ 

ference, and most of the clinical effects of atherosclerosis can 
be traced to the resulting ischaemic necrosis of the intima. 

6. These phenomena can be appreciated and studied in uninjected 

routine sections. 

I wish to thank Mr T. C. Dodds of the Pathology Department of Edinburgh 
University who prepared the micro-photographs. The material for this paper 
was derived from routine necropsies at the Royal Infirmary, Edinburgh. 
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(EDEMA AND CAPILLARY ANOXIA 
R. C. Nairn 

From the Department of Pathology, University of Liverpool 

(Plate XXXVI) 

Capillaby anoxia is stressed as an important factor in the causation 
of oedema and effusions in most monographs and reviews which refer 
to the subject (Starling, 1909 ; Adolph, 1933 ; Drinker and Field, 
1933 ; Peters, 1936 ; Drinker, 1938 ; Van Liero, 1942 ; Davson and 
Daniolli, 1943 ; Landis, 1940 ; Himsworth, 1947). In several original 
contributions to the literature on cedema (Bainbridge, 1900 ; Bolton, 
1915-1G ; Barbour and Hamilton, 1926 ; Adolph andLeporo, 1930-31 ; 
Diamond et al., 1932 ; Clifford, 1941 ; Homans, 1943; Trowell, 
1940-47) the effect of anoxia on the capillaries is used to explain the 
production of various types of oedema, effusions, or increased lymph 
flow, which are not readily explicable in other wayB, though there is 
no direct support for the anoxia hypothesis in those studies. 

Most of the direct evidence on the Bubject comes from studies of 
the effects of general rather than local anoxia. While some of the 
studies suggest that capillary anoxia is a cause of cedema, many do 
not. Tho direct evidence will be discussed lator. 

The purpose of the experiments to bo described was to obtain 
further information concerning the role of local capillary anoxia in 
tho production of oedoma. 

Methods 

Principle. The principle of the method used was to perfuse one 
limb of an intact animal with dooxygenated blood under conditions 
as nearly physiological as possible. In its simplest form this was 
found to bo impracticable, as no satisfactory method could be devised 
for artificial deoxygenation of the blood without gross interference 
with tho circulation. It was decided, therefore, to utilise normal 
venous blood as the perfusate. 

One hind limb, the perfused limb, was perfused via its femoral 
artery, with blood flowing from the femoral vein of the other hind 
limb, the donor limb. The pressure of tho venous blood delivered to 
tho perfused artery was increased to arterial pressure by means of a 
perfusion pump. After supplying the perfused limb, the twice-used 
blood returned via the femoral vein of that limb to the heart for 
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natural re-circulation tlirougli the entire body of the animal. Dogs 
wore chosen for the experiments as the cannulations and other 
manipulations would have been too difficult in smaller animals. 

Perfusion apparatus. A modification of the Dale and Schuster 
system (1927-28) was used to maintain the perfusion (fig. 1). ' 

Blood from the eannulated femoral vein of the donor limb passed 
through polythene tubing (A) into a glass reservoir (B), whence it was 
drawn through a simple non-return valve (C) into a glass chamber (D) 
by the contraction of a rubber sac (E) connected to a Dale-Schustor 
diaphragm pump. At each expansion of sac (E) blood was forced 
through a second non-return valve (F) into the polythene tubing (G) 
and thence into one arm of a Y-shaped cannula (H), reaching the 
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perfused limb by the stem of this cannula. The other arm of the 
cannula communicated with a by-pass (I) by which blood could return 
to the reservoir (B). This by-pass was controlled byj[a resistance (J) 
which consisted of t hin rubber tubing sealed inside a glass tube 
connected to a manometer. By varying the pressure outside the 
thin-walled tubing of the resistance, a greater or lesser proportion 
of the artificial circulation could be returned to the reservoir, and in 
this way the quantity of blood entering the ■'perfused limb could be 
regulated. During an experiment the pressure in J was adjusted 
as required to maintain a constant blood level in the reservoir (B). 
As long as this constant level was maintained, it is clear that blood 
must have been leaving the perfusion system for the perfused limb at 
the same rate as the blood was entering the perfusion reservoir from 
the donor limb. 
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In practice a double Dale-Schuster pump -with paired valve 
chambers was used to give greater pumping efficiency at the rapid - 
pulse rates usually encountered. 

The entire apparatus apart from the cannulas and attached 
polythene tubing rvas immersed in a water bath kept at a temperature 
about V* C. higher than the rectal temperature of the dog. Polythene 
is a poor conductor of heat and this helped to prevent heat loss by the 
blood circulating in that part of the perfusion system lying botwoen the 
water-bath and the dog. During a perfusion, blood circulated rapidly 
from the pump through the arms of the Y-Bhaped cannula and hack 
through the by-pass. As a result, the temperature of the blood in 
the arms of the cannula remained at water-bath temperature. The 
blood leaving the system by the stem of the cannula had only a very 
short distance to travel to enter the perfused limb : thus tho perfused 
blood was for all practical purposes at the Bame temperature as the 
water-bath. In actual observations the temperature of the perfused 
blood was always found to bo within 1° 0. of the temperature of the 
dog and usually within 0-5° C. 

All glass tubing connections and both cannula; were coated with 
a water repellent (“ Tcddol ”—British Thomson-Houston Co., Ltd.) in 
order to minimise the formation of the small fibrin clots which are 
prone to develop in perfusion pumps even after the most efficient 
heparinisation of the blood. Between experiments all apparatus was 
thoroughly cleaned and sterilised and the “ Teddol ” re-applied. 

Technique. The dog was ancestketised with oithor pontothal and 
endotracheal ether, or with Nembutal; atropino pro-medication was 
usually used. Aseptio precautions were maintained throughout the 
experiment. Tho femoral vein of the donor limb, usually the right, 
and fomoral artery of tho perfused limb, usually the left, were exposed 
and prepared for cannulation. When capillary oozing from the 
operation wounds had ceased, the animal was given 1000 I.U. of 
heparin per kg. intravenously and left for 10 minutes for the heparin 
to take effect. During this time the pumping apparatus, previously 
filled with 120 ml. of sterile physiological saline, was also treated with 
heparin and the temperature of the water-bath was regulated. Any 
oozing of blood from the wound sites during the experiment was 
reduced by the topical application of alginate wool and solution 
(“ Calgitox ”—Thackray, Ltd.). At the end of the 10-minute interval, 
the fomoral vein of the donor limb was ligated and a large-bore venous 
cannula inserted below the ligature. The femoral artery of the 
perfused limb was then ligated and tho stem of the Y-shaped cannula 
inserted distally. The clamps on the various polythene tubes were 
removed and the perfusion started. The revolutions of the Dale- 
Schuster pump were synchronised with tho pulse rate of the dog. 

The saline which had been used to fill the perfusion apparatus 
initially was the first fluid to reach the perfused limb but was rapidly 
replaced by venous blood from the donor limb flowing through the 
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natural xe-circulation through the entire body of the animal. Dogs 
■were chosen for the experiments as the cannulations and other 
manipulations would have been too difficult in smaller animals. 

Perfusion apparatus. A modification of the Dale and Schuster 
system (1927-28) was used to maintain the perfusion (fig. 1). 1 

Blood from the cannulated femoral vein of the donor limb passed 
through polythene tubing (A) into a glass reservoir (B), whence it was 
drawn through a simple non-return valve (C) into a glass chamber (D) 
by the contraction of a rubber sac (E) connected to a Dale-Schustor 
diaphragm pump. At each expansion of sac (E) blood was forced 
through a second non-return valve (F) into the polythene tubing (G) 
and thence into one arm of a Y-shaped cannula (H), reaching the 
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perfused limb by the stem of this cannula. The other arm of the 
cannula communicated with a by-pass (I) by which blood could return 
to the reservoir (B). This by-pass was controlled by|a resistance (J) 
which consisted of thin rubber tubing sealed inside a glass tube 
connected to a manometer. By varying the pressure outside the 
thin-walled tubing of the resistance, a greater or lesser proportion 
of the artificial circulation could be returned to the reservoir, and in 
this way the quantity of blood entering the 'perfused limb could be 
regulated. During an experiment the pressure in J was adjusted 
as required to maintain a constant blood level in the reservoir (B). 
As long as this constant level was maintained, it is clear that blood 
must have been leaving the perfusion system for the perfused limb at 
the same rate as the blood was entering the perfusion reservoir from 
the donor limb. 
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The oxygon content of the blood issuing from th© femoral vein of 
the donor limb was therefore tlio same as that of the blood entering 
the femoral artery of the perfused limb. 

Assessment of oedema. During the perfusion a constant watch was 
kept for oedema; appearance, measurement and pitting were the 
main criteria at this stage. 

Immediately after death a careful examination was made for any 
macroscopic evidence of cedema. Tissues from various sites, in 
particular from below the knees, were then fixed in Zonkor’s fluid 
for subsequent histological examination. Turthor tissue samples, 
usually 1 to 2 g. in weight, wore removed carefully with a razor 
without displacing any significant amount of fluid, and dropped into 
dry-weighed bottles fitted with airtight screw-caps. The bottles 
were reweighed together with their contonts. The tissues were then 
dried to constant weight in a hot air oven at a temperature of 100° C., 
and their water content was calculated. 

Of the various methods of assessing cedema formation, macroscopic 
and microscopic examination of tissues wore only useful in detecting 
moderate to severe degrees of oedema. The gravimetric method, 
shown by Heller and Smirk (1932) to bo a reliable procedure, pro¬ 
vided a very delicate index of cedema in the present study. This 
is shown by experiments in which cedema was artificially induced 
by such methods as saline infusions, venous congestion of a limb, 
or plasmapheresis. Table I shows the close correlation that was 
found to exist between water content, macroscopic and microscopic 
appearances of the tissue, and the presence or absence of any of the 
above factors known to cause cedema. 

Table I 


.Relationship between tissue hydration, visible, oedema and oedema factors 


Percentage of water In muscles 

73-78 

78-80 

80-BS 

Macroscopic cedema . 

nono 

nono 

' 

present 

Histological cedema . 

nono 

slight 

gross 

CEdema factors 

none 

moderate 

severe 


The range of values for water content in over 150 biopsies on 
normal limb muscles of dogs was found to be from 73 to 78 per cent. 
Values higher than 78 per cent, were found only when factors known 
to cause oedema were acting on the animal; this figure was therefore 
fixed as the threshold of cedema in the limb muscles of the dog. 

When any “ cedema factor ** had been operating to a moderate 
degree, histological cedema was often, though not always, demonstrable 
by planimetry; the amount of water in the muscles was invariably 
found to be more than 78 per cent. When any “ cedema factor ** 
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had been operating to a severe degree, oedema was clearly visible 
to the naked eye on dissection of the part, and often demonstrable by 
pitting ; histological oedema was gross, and the water content of the 
limb muscles was more than 80 per cent. 

Fig. 2 shows the calf muscles of a dog in which oedema had been 
produced by plasmapheresis, contrasted with a normal control. In 
the oedematous muscle (A) the water content was 80 per cent, and 
the oedema is represented by large interfascicular spaces. The control 
muscle (B) contained 76 per cent, of water. The distribution of 
oedema fluid in (A) is of some interest in that the fluid is present mainly 
in the interfascicular spaces, and is less conspicuous between the muscle 
fibres ; there is no apparent swelling of the cells. This distribution 
of oedema fluid was invariably found whenever artificial oedema was 
produced. 


Results 

Simple perfusion experiments 

Five standard perfusions without important complicating factors 
were carried out. 

Table II illustrates one such experiment performed on a healthy 
adult dog weighing 19^ kilos. Throughout the 9 hours of this experi- 

Table II 

Data from a simple perfusion experiment 


Time after 
start of 
perfusion (tirs.l 

Animal’s 
pulse rate 

Pump R.P.M. 

Venous flow 
from donor 
limb (mi./min.) 

Arterial 
pressure in 
perfused limb 
(mm. Ilg.) 

Oxygen 
saturation of 
perfusing blood 
(per cent.) 

1 

100 


100 

300 


2 

160 


100 

300 

. .. 

3 

150 


80 

220 

45 

4 

1G8 

168 

70 

280 

02 

5 

190 


65 

100 

... 

G 

190 

180 

70 

95 

02 

7 

150 

140 

55 

90 

... 

8 

200 

180 

40 

70 


9 

200 

180 

35 

70 

io 


Percentage water in limb muscles after death 


irerfused limb 


77-4 


Donor limb 


77-8 


Right forelimb 


76-0 


Left forcllmb 


77-8 


ment good synchronism was maintained between the revolutions 
per minute ( r.p.m .) of the pump and the animal's pulse rate, which 
increased progressively as the experiment proceeded, owing to the 
onset of some degree of shock. The blood pressure of the dog was 
high at the start of the experiment, a common finding in dogs under 
ether anaesthesia, but fell towards the end when shock supervened. 
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Similarly the venous flow from the donor limb decreased progressively. 
The oxygon in the porfusing blood averaged less than SO per cent, 
saturation. 

At no time during this experiment was there any detectable cedema 
in the perfusod limb or elsewhere. The poTcentage of water in the 
muscles after death was essentially tho same in all the limbs. 

The results of the 5 experiments of this simple typo are summarised 
in table III, from which it is dear that there was no significant 


Table IH 

Results of 5 standard perfusion experiments 


Dog 

Duration of 
perfusion (lira) 

Oxygen saturation of 
perfudng Wood (per cent) 

Average percentage 
water content ofllmli muscles 
alter death 

Ttange 

Mean 

rcrfu«cd limb 

Control limbs 


7 




78 


a 




70 


0 

02 to 10 

46 


77 


7 

04 to 32 

62 


77 


5 

68 to 48 

63 


76 


difference in hydration between the muscles of the anoxic perfused 
limbs and those of the normally oxygenated control limbs. All the 
figures lay within the normal Tango and tho “ threshold of cedema ” 
was never exceeded. 


Validity of methods 

Circulatory condition of the perfused limb. Tho arterial pressures 
of the animals varied during the course of tho experiments as shown 
in table II but in each case tho prossure required to perfuse all the 
blood from the donor limb through the perfused limb was at about 
the same level as tho general arterial pressure of the dog. Table IV 

Table IV 


Comparison of brachial arterial pressure and perfusion pressure 


Time after start 
of experiment 
(hrs) 

Blood pressures (mm Hg) 

DogL 

Dog 31 | 

rorcllmb 

Perfused limb 

Forelimb 

Perfused Umb 

1 

165 

160 

135 

130 

2 

165 

160 

130 

160 

3 


145 

100 

136 

4 

ICO 

135 

90 

95 

5 

140 

125 

90 

00 


gives values for perfusion and forelimb blood pressure in two typical 
experiments ; it shows that the differences between the pressures in 
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the limbs are no more than could be accounted for by normal variations 
in pressure between the fore- and hind-limbs and by the experimental 
error of the methods of measurement used. 

Pulse pressures, determined in a few experiments, were also found 
to be of the same order in the perfused limb and in the control limbs. 
This observed similarity of mean arterial pressures and of pulse 
pressures shows that the present technique produced no material 
vasomotor changes in the vascular bed of the perfused limb as compared 
with the control limbs. 

In experiments where venous pressures were recorded it was found 
that the pressure in the perfused limb was usually a little higher than 
in the control limbs. The highest venous pressure in the simple 
perfusion experiments was, however, never greater than 15 cm. saline, 
which is lower than the venous pressure at which accumulation of 
fluid occurs in the tissues (Krogh et al., 1932). Table V shows the 
average venous pressures in 8 representative experiments from the 
present series. 

Table V 


Comparison of venous pressures in perfused and control limbs 


Dog 

Venous pressures (cm. saline) 

Perfused limb 
(femoral vein) 

Donor limb 
(femoral vein) 

Forelimb (axillary vein) 

D 

S 

2 

1 

E 

5 

1 

7 

F 

10 

9 

10 

G 

7 

7 

8 

H 

12 

10 

8 

I 

10 

... 

14 

J 

15 

... 

12 

K 

11 

... 

G 


Variations of the order shown in this table are small. The slight 
elevation of pressure frequently occurring in the perfused limb might, 
however, have required separate analysis as a possible factor m 
increasing capillary transudation if in fact such transudation had 
increased in any of the experimental animals. This was not the 
case and the variations are regarded, therefore, as being of no 
importance in this investigation. 

Capillary permeability in the perfused limb. Attempts were made 
in the present study to assess any increase in capillary permeability 
by means of hematocrit and plasma protein estimations. Sometimes 
comparisons were made between venous blood of the control limbs 
and blood from the femoral vein of the perfused limb ; at other times 
values were determined for the arterial and venous blood of the 
control limbs and compared with the entering and returning blood 
in the perfused limb. These investigations were carried out to obtain 
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information on (a) tho transfer of fluid from the blood to the tissues 
and (6) tho transfer of protoin from tho blood to tho tissues. 

(a) Fluid transfer. Hfematocrit and plasma protein estimations 
wore found to bo of no value in assessing fluid transudation through 
the capillary wall. This was to be expected, however, Bince a rate 
of transudation of fluid of a degree likely to be encountered in these 
experiments would involve insignificant changes in tho hrematocrit 
and plasma protein levels. The average duration of an experiment was 
6 hours and tho limb blood flow in a 10 kg. dog was about 50 ml. per 
minute. The accumulation of 100 ml. of oedema fluid in a limb, 
though enough to produce overt oedema, would involve differences 
of only about 0-2 per cent, between arterial and venous hematocrits 
and of about 0'05 g. per 100 ml. betweon arterial and venous plasma 
protein lovols. These figures are within tho limits of tho oxporimental 
error of the methods of estimation used. 

(b) Protein transfer. Plasma protein studies gave no evidonce of 
loss of protein from tho blood passing through the perfusod limb. 
The variations in plasma protein levels which occurred wero not 
significant. It is concluded, therefore, that tho degree of anoxia 
maintained in tho presont experiments did not increase recognisably 
the permeability of the perfused capillaries to protein. 

Effect of perfusion technique on capillary permeability. That the 
perfusion technique did not materially reduce tho permeability of the 
capillaries in the perfusod limbs was shown by two experiments in 
winch the perfusing blood was diluted by tho continuous addition of 
large amounts of saline. Tho diluted blood circulated through the 
capillaries of the perfused Umb and produced gross oedema in this 
limb ; the muscle water in one experiment wob 88 per cent. A lesser 
degree of generalised oedema occurred at the same time in these 
experiments as a result of the return of the diluted perfused blood 
to the general circulation. Hero the degree of hydr&mia was less 
than in tho perfused limb because the diluted perfused blood mixed 
with tho rest of the blood of the animal. 

Degree of anoxia. Bofore assessing the results of the present 
investigation it is important to appreciate the degree of anoxia achieved 
in tho perfused limb. It will be clear that tho donor Umb received 
blood at aU times at the high oxygen tension of arterial blood (about 
90 mm. Hg.) while the perfused limb was supplied at the much lower 
oxygen tension of venous blood (about 40 mm. Hg.). Oxygen, there¬ 
fore, was less readily available to tho perfused limb besides being 
present in tho blood in much smaller amounts. A comparison of 
oxygen saturation and oxygen uptake in tho perfusod and donor Umbs 
based on figures from 7 representative experiments is made in table VI. 

This table shows that the donor limb (and this also applios to the 
fore limbs) received at all times blood almost fully saturated with 
oxygen, and extracted from it about 51 volumes of oxygon per 100 
volumes of blood. Tho perfused limh, on the other hand, received 
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blood only half saturated with oxygen and extracted from it on an 
average only 1 volume of oxygen per 100 volumes of blood. 

Table AT 


Relative oxygen supply and uptake in perfused and donor limbs 



Average oxygen saturation 
(per cent.) 

Average oxygen uptake 
(voK per cent.) 


Range 

Mean 

Range 

Mean 

Blood to donor limb 

87-98 

93 

3-8 

54 

Blood to perfused limb . 

30-68 

62 

4-2 

1 


In the present investigation the anoxia was obtained by perfusion 
of venous blood which has, in addition to oxygen lack, various other 
metabolic differences from arterial blood. These other differences 
which are often quoted as contributory factors in the production of 
increased capillary permeability, are evidently irrelevant in the present 
connection since no oedema was produced. Moreover when clinical 
oedema is ascribed to capillary anoxia, the implication is that this 
is due to increased venosity of the circulating blood. 

Collateral circulation. Despite the apparently adequate supply 
of blood from the pump to the perfused limb, it is necessary to consider 
whether tins limb might also have been receiving an oxygen supply 
from collateral vessels. Angiography shows in fact that a collateral 
circulation can be opened up very quickly. This point is illustrated 
in fig. 3 which is an arteriogram of the pelvis and hindlegs in a dog. 
The right femoral artery in this animal was intact and it is apparent 
that the tissues below the knee are supplied exclusively by the femoral 
artery. The left femoral artery had been occluded at about mid- 
thigh for about twelve hours and within this short time, a collateral 
circulation had opened up, bridging the gap in the main vessel and 
supplying blood to the lower part of the leg. The question arises 
whether the operation on the femoral artery and the perfusion of the 
limb allows any such collateral circulation to be established during 
the course of an experiment. A 'priori considerations make it highly 
improbable that such collateral circulation could play any important 
part in these experiments. The work of Richards (personal com¬ 
munication) has shown that the contribution from collateral vessels 
to the main arterial tree is negligible until the mean pressure of arterial 
blood in the main vessels falls to a low level: his results do not suggest 
that any factors other than purely mechanical ones were operative. 
In the present investigation the mean arterial pressure in the perfused 
artery was always very close to the mean general arterial pressure 
of the animal. The capillaries in the perfused limb below the knee 
can therefore justifiably be regarded as supplied only by the perfusing 
blood. 
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Direct evidence on this question is provided by a perfusion experi¬ 
ment in which all possibility of collateral circulation either in the 
perfused or in the donor limb was eliminated completely. This was 
accomplished, after section of the skin of these limbs just below the 
inguinal ligament, by very tight ligation of the entire leg in throe 
tissue bundles, excluding only the sciatic nerve, the femoral norve, 
and the femoral vessels. The results of this experiment differed in 
no way from the results of the simple circulation experiments without 
mass ligature: the water content of the muscles in the perfused 
limb showed no significant difference from that in the control limbs 
(76 per cent, and 77 per cent, respectively). Thus, though the unlikely 
possibility of slight collateral circulation in the 5 standard experiments 
cannot bo entirely excluded, the provision of oxygen by such a 
circulation was not the explanation of the absence of cedema in the 
perfused limb in those experiments. 

Exercise. A further possibility to be considered is that the offects 
of anoxia might not bo evident in a limb at rest but might be made 
manifest by exercise. This requires consideration particularly since 
Lazarus-Barlow (1894) has shown that exercise aggravates post- 
isetuemic oadoma in dogs. An experiment was designed, therefore, 
to determine whether or not exercise would have such an effect:— 

A standard perfusion experiment was sot up and both hindlimbs 
of the dog were subjected to continuous faradic stimulation mainly 
applied directly to the muscles below the knee, but with extra stimula¬ 
tion applied from timo to time to the sciatic and femoral nerves. This 
simulated exercise was maintained for a period of 4 hours. No cedema 
was produced in the experiment; the degree of hydration in the 
muscles of the anoxic and the normally oxygenatod limbs remained 
quite normal (76 per cent, in both). 

Latent effects. Heimberger (1926-27) demonstrated that when 
human capillaries are subjected to ischtemia, mechanical irritation 
does not produce local capillary reactions until normal blood-flow 
through them has been restored. Such a possibility must be considered 
in the present study. Three experiments were carried out to determine 
whether capillary reactions might be latent during the period of anoxic 
perfusion, becoming recognisable only when a normal circulation was 
restored. 

Standard perfusion experiments were established and maintained 
for about 4 hours. All cannula; were then removed and the incisions 
in the vessels sutured with fine silk and atraumatic needles, so that 
the normal circulation to the hindlimbs was restored. The skin wounds 
were closed and the dogs were left to recover from the anesthetic. 
No further heparin was given in order to avoid oozing of blood from 
the wound sites. Strict aseptic precautions were observed throughout 
these experiments. 

In two experiments the animals survived for only about 4 hours ; 
the deaths appeared to be the result of shock. The femoral vessels 
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were patent in both. legs. In neither of the dogs was there anj' oaden 
of tho perfused or the control limbs. In the first experiment tl 
muscles of the perfused limb contained 76 per cent, of water and tli 
control limb 77 per cent.; in the second experiment they hot 
contained 77 per cent. 

In the third experiment the animal recovered completely. PuIse 
tion in the vessels below the knee was undiminished 8 hours aftc 
suture. Occlusive thrombosis subsequently developed in the dono 
vein and the perfused artery as illustrated in fig. 3 and tho obstructio 
of the artery appeared to be fully compensated by the opening up c 
collaterals. Despite this late thrombosis, there was no oedema o 
either the perfused or the control limbs ; they showed a muscle wato 
content of 76 and 75 per cent, respectively. 

These survival experiments give no evidence of latent damage t 
capillary endothelium in the anoxic limb as judged by subsequen 
changes of tissue hydration. 

The effect of anoxia on oedema produced, by other methods 

The foregoing standard experiments show that local capillary 
anoxia of a severe degree fails to produce oedema; it remains to be 
considered whether it can aggravate oedema caused by other agents. 

The oedema of hydreemia. Four experiments were performed ir. 
which generalised oedema was produced by the administration oi 
moderate and large quantities of saline intravenously into the general 
circulation of the animal during a perfusion experiment. Table VII 

Tabue vn 


(Edema produced by different degrees of hydreemia. Comparison of 
muscle hydration in perfused and control limbs 





(Edema 

Dor 

Duration 
of experiment 
(hrs.) 

Total saline 
given ( wl.fke■) 

Gencraliped 

(mncrosooplc) 

Muscle water content (per cent.) 



Perfused limb 

Control limb 

. 

jST 

4 

50 

_ 

78 

78 

E 

3 

75 

± 

78 

79 

0 

2 

150 


70 - 

78 

P 

5 

050 


78 

70 


shows that in these experiments the extent of the oedema was the 
same in the perfused aud control limbs. Anoxia had not aggravated 
the oedema of hydrsemia. 

The oedema of plasmapheresis. Acute hypoproteintemia was induced 
in one dog by sovoral plasmaphereses earned out during the 8 hours of 
an otherwise uncomplicated perfusion experiment. The final plasma 
protein level attained was 1*7 g. per cent. Ascites and generalised 
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oedema developed. The perfused and control limbs each showed an 
average muscle water content of SO per cent., and there was thus no 
evidence that the anoxia had aggravated the effect of low plasma 
protein. 

The. oedema of venous congestion. Four experiments were designed 
to determine whether or not anoxia would increase tlio rate of develop¬ 
ment of oedema duo to raised venous pressure. 

In these experiments the perfusion was started in the usual manner 
and inflatable cuffs were applied to the perfused limb and to one or 
more of the control limbs. The venous pressures in all these limbs 
were rocorded continuously. They were increased by inflation of the 
cuffs and maintained constant by adjustment of the cuff pressure as 
required. Tho cuffs were kept inflated for periods of 4 to 5 hours 
and were removed a minute or two before the circulation was stopped 
and the animal killed. The cuffs were icmoved before death to allow 
the excess of blood in the congested limbs to escape into the general 
circulation. (Krogh el at. have shown that this escape is practically 
completed within 45 seconds of tho release of the cuffs.) 

Information from othor experiments was also analysed to determine 
the degree of hydration in both oxygenated and anoxic limbs at 
venous pressures within the normal range. 

Tho results of those investigations are summarised in table VUI 
which shows (a) that oedema developed in both the control and perfused 

Table VUI 

Influence of vcnoU3 pressure on mdema production. Comparison of 
muscle hydration in perfused and control limbs 


Venous pif^ures 
(era saline) 

Muscle water content 

rerfusert limb (per cent) 

Control limb (per cent) 

16 or less 

76* 

77* 

23 


77 + 

20 

79 

78 

30 

78 

79 

33 

79 

78 

36 

80 

80 

48 


81 


• Average figures from three experiments 


limbs in proportion to tlie increase of venous pressure above 23 cm. 
saline, and (6) that tho degree of the oedema was not significantly 
different in the perfused limb and the control limb at the same venous 
pressures. There is thus no evidence that anoxia has any effect on 
tho cedema of venous congestion. < 

Artificially produced local cedema. Experiments were carried out 
to determine whether anoxia would have any effect on (a) tho rate 
of ro-ahsorption of fluid injected locally, and (6) the development 
and re-absorption of local hypersensitivity cedema. 
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(a) The absorption of local depots of fluid :—A standard perfusion 
experiment was established. 

Physiological saline was then injected subcutaneously in 3 ml. 
doses into the loose tissues of the dorsal surfaces of both hind feet 
of the dog to produce local fluid swellings. There was no detectable 
difference in the rate of disappearance of the saline from the anoxic 
perfused limb and the normally oxygenated donor limb; both 
swellings had almost disappeared within the course of an hour. 

Normal dog serum injected intradermally in 0*1 ml. doses produced 
small and sharply defined blebs. These disappeared at the same 
rate in both the perfused limb and the donor limb. 

From these experiments it appears that re-absorption of fluid with 
or without a protein component is unaffected by capillary anoxia. 

(b) The local oedema of serum sensitivity. An anaesthetised 10 kg. 
dog was sensitised to horse serum by means of an intravenous injec¬ 
tion of 25 ml. of the serum. A month later a standard perfusion was 
established in the animal and the local reactions to 0*1 ml. of horse 
serum intradermally in both hind limbs were studied. These injections 
of horse serum produced large wheals, about twelve times the size of 
control injections of 0T ml. of normal dog serum. No difference was 
observed in the rate of development, the maximum size, or the rate 
of disappearance of the wheals in the anoxic perfused limb and the 
normally oxygenated donor limb. Anoxia apparently failed, therefore, 
to increase the permeability of already damaged capillaries or to 
retard reabsorption of the local oedema fluid. 

Influence of (a) drugs and (6) lymphatic drainage 

The foregoing experiments show that severe capillary anoxia had 
no detectable influence on the water content of tissues. It remains 
to be shown whether (a) increased filtration from capillaries was 
prevented by the general condition of the animals studied, or ( b) 
increased filtration was masked by increased lymphatic drainage in 
the perfused limb. 

(a) The general condition of the experimental animals might, in 
theory, have prevented the development of increased capillary 
permeability in the anoxic perfused limbs. For example, histamine 
release might be partially inhibited by a high blood heparin level 
(Rocha e Silva et al., 1947). Against such a possibility must be set 
the fact that most of the fundamental types of oedema have been 
produced under the present experimental conditions. Control experfr 
ments were carried out to determine whether the experimental 
conditions had any partial inhibitory effect on hypersensitivity oedema ; 
this type of oedema is evidently due to increased capillary permeability 
and therefore of special interest in the present context. From these 
experiments it was found that the wheals of intradermal horse serum 
in a sensitised dog developed at the same rate, reached the same size 
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and. were absorbed at the same rate, (a) before atropine, Nembutal 
and heparin were given, (6) after the administration of these drugs, as 
in the preliminary medication in the perfusion experiments, and 
(c) during a standard perfusion experiment. It appears, therefore, 
that the experimental conditions had no inhibitory effect on the 
production of oedema. 

(6) Increased lymphatic drainage might, in theory, have been 
responsible for failure to develop oedema in the perfused limb in the 
standard experiments. The complete symmetry of the oedema 
produced by saline infusion, plasmapheresis and local injection strongly 
suggests that this was not the case. In these oxporimonts it is extremely 
unlikely that tlio lymph-flow from the limbs would have inoreasod in 
such precise unequal proportions as to compensate exactly for possible 
effects of the anoxia. Direct evidence on the point is provided by the 
experiment previously described, in which collateral circulation was 
eliminated. Lymphatic drainage in this animal would be reduced 
almost to nothing, being confined to those few channels, in close 
juxtaposition to the femoral vessels and the femoral and sciatic nerves, 
which were not includod in the mass ligatures. Such restriction of 
lymph flow produced rosults identical with those in the standard 
perfusion experiments. In a similar mass ligature experiment in 
which cedoma was produced by salino infusion (dog E), there was no 
significant difference in the degree of cedoma which developed in the 
perfused and control limbs. The unimportant role of the lymphatics 
in the present context is not unexpected, Binco Drinker and Yoffey 
(1941) have shown that lymphatic drainage in mammals is a sluggish 
process even in the presence of cedoma, unless active measures to 
promote flow, such as massage, are used. Moreover, Cameron et al. 
(1947-48) have produced the oedema of capillary damage in animals 
by exposing them to lewisite ; they observed that while the lymph- 
flow in these animals was increased, the production of oedema fluid 
was much faster than its removal. 

Discussion 

The literature contains studies of the effects of all types of anoxia. 
The methods by which these effects have been investigated include 
(a) clinical observation; (6) experiments on man, using plethysmo- 
graph, and plasma protein and ha>matocrit techniques; and (c) 
experiments on animals in which more direct methods of assessing 
fluid transfer from the capillaries are used, such as the measurement 
of lymph flow or capillary microscopy. 

In the present study the effect of local capillary anoxia in dogs 
has been assessed principally by a gravimetric technique. The anoxia 
obtained was of the anoxic type and of a degree greater than that 
encountered in pathological states asociated with cedema. Harrop 
(1919), for example, found that the percentage oxygen saturations in 
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the arterial blood of 9 cases of decompensated heart disease, lay 
between 81-4 and 97-7, which is considerably greater than the per¬ 
centage saturation of oxygen in the perfused blood in the present 
experiments. The finding that perfusion with extremely anoxic 
blood failed to cause cedema, to accentuate oedema produced by other 
methods, or to delay the re-absorption of cedema fluid, indicates the 
need for a critical examination of the literature on the effects of anoxia 
on capillary permeability and the production of cedema. As far as 
possible the literature is classified according to the type of anoxia 
mainly concerned. 

General anoxia 

Most studies on the relationship between anoxia and the 
permeability of capillaries are based on the effects of general anoxia. 
At the outset it must be emphasised that such investigations cannot 
prove the existence of a direct action of oxygen lack on capillary 
endothelium, since the possibility that the anoxia operates through, 
the central nervous system or by some other central mechanism, 
cannot be excluded. 

Acute anoxic anoxia may be obtained by exposing men or animals 
to a low partial pressure of oxygen : oxygen is present in the blood 
in small amounts and at low tension. 

McMichael and Morris (1936) found that in human subjects, swelling 
of an arm congested by a cuff occurred at a uniform rate. This rate 
was not increased when the subjects became anoxic by breathing air 
poor in oxygen ; the degree of anoxia achieved was equivalent to an 
arterial saturation of about 65 per cent. Henry et al. (1947) in similar 
limb congestion experiments detected no increase in capillary perme¬ 
ability to protein in states of mild anoxic anoxia, a finding which 
supported earlier work (Henry et al., 1946); when, however, the 
oxygen saturation in venous blood draining from the limb fell to 
15 to 25 per cent., a significant increase in capillary permeability to 
protein was observed. 

Hopps and Lewis (1947) were unable to demonstrate in anoxic 
guinea pigs any increase in capillary permeability to antibodies, 
plasma proteins or dyes. The animals were exposed to oxygen tensions 
corresponding to an altitude of 30,000 ft., which is about the minimal 
lethal altitude for human beings. Calvin (1941) on the other hand, 
concluded from an investigation into the effects of asphyxia on plasma 
volume, red cell volume, and plasma protein concentration in animals 
that from moderate asphyxia to the point of cessation of respiratory 
movements, plasma volume progressively decreased. This suggested 
an increase in capillary filtration as a result of the direct action of 
very severe anoxia on the endothelium. Swann and Brucer (1949) 
have, however, shown that the increases in plasma protein levels in 
dogs subjected to fatal anoxia occur only when the animal is under 
general anaesthesia : Calvin’s interpretation that the changes in plasma 
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protein levels indicato capillary leakage of fluid is not accepted by 
these -workers. 

In anoxic dogs, Maurer (1940-41) observed an increaso in flow of 
cervical lymph and an increased passage of protein from the blood 
capillaries to the lymph. In this study, the results of which were 
later confirmed by further work on dogs breathing air containing 
carbon monoxide (Mauror, 1941), he noted a maximum flow of lymph 
when the arterial oxygen saturation of the dogs fell to 52-5 per cent. 
This worker observed goneral circulatory changes in the anoxic dogs 
but believed that those wero insufficient to account for the increased 
lymph-flow ; the ovidence for this opinion is not conclusive. 

Cameron and Do (1949) have shown that in rabbits severe 
respiratory obstruction, pushed to the oxtromos of asphyxia and 
maintained for several minutes, failed to give lung cedema. Such an 
absence of oedoma does not prove that capillary permeability in the 
lung is quite unchanged in anoxic animals since Warren and Drinker 
(1942) demonstrated an increase in lymph flow from the lungs of 
anoxic dogs. However, the mode of production of cedema in the 
lungs is probably essentially different from that in other parts of the 
body. In the present study pulmonary cedema was not observed in 
the animals in which generalised oedema had been produced by intra¬ 
venous saline infusions or plasmapheresis. 

Various observations made on men and animals subjected to low 
barometric prossuros show that severe anoxic anoxia can occur without 
associated ccdoma. Many accounts of experiments on men and 
animals subjected to low oxygon tensions and a number of autopsy 
reports on patients, principally airmen dying of anoxia, are to be 
found, in which evidence of anoxia is convincing but neither cedema 
nor effusions are over mentioned as findings (Lewis et al., 1942 ; Van 
Liero and Stickney, 1943; Ward and Olson, 1943 ; Gibbs et al., 
1943; White, 1947 ; Lewis and Haymaker, 1948). Swann and 
Collings (1943) actually produced dehydration of the tissues of rats 
by subjecting them to low barometric pressures. Some of these 
latter observations may, howevor, be unimportant in the present 
contoxt for the following reasons. Firstly, at low barometric pressures, 
insensible water loss from the body is presumably increased. Secondly, 
unless extra water were available, the fluid in the circulatory system 
would be insufficient to cause generalised cedema which could be 
recognised macroscopically. 

Chronic anoxic anoxia occurs clinically in cases of congenital heart 
disease in which there is a shunt between the right and left sides of 
the heart. Although the anoxia in these patients is to some extent 
ameliorated by the accompanying polycythemia, their arterial blood 
has a low oxygen saturation : tho range in a series of cases of Fallot’s 
tetralogy is given by Taussig (1947) as 10 to 88 per cent. Despite 
this chronic anoxia, cedema is very rarely observed in these cases 
(Fahr and Ershler, 1941). 


J. BATH BACT.—VOL LXUI 



228 


R. G. NAIRN 


the arterial blood of 9 cases of decompensated heart disease, lay 
between 81-4 and 97-7, which is considerably greater than the per¬ 
centage saturation of oxygen in the perfused blood in the present 
experiments. The finding that perfusion with extremely anoxic 
blood failed to cause oedema, to accentuate oedema produced by other 
methods, or to delay the re-absorption of oedema fluid, indicates the 
need for a critical examination of the literature on the effects of anoxia 
on capillary permeability and the production of oedema. As far as 
possible the literature is classified according to the type of anoxia 
mainly concerned. 

General anoxia 

Most studies on the relationship between anoxia and the 
permeability of capillaries are based on the effects of general anoxia. 
At the outset it must be emphasised that such investigations cannot 
prove the existence of a direct action of oxygen lack on capillary 
endothelium, since the possibility that the anoxia operates through, 
the central nervous system or by some other central mechanism, 
cannot be excluded. 

Acute anoxic anoxia may be obtained by exposing men or animals 
to a low partial pressure of oxygen : oxygen is present in the blood 
in small amounts and at low tension. 

McMichael and Morris (1936) found that in human subjects, swelling 
of an arm congested by a cuff occurred at a uniform rate. This rate 
was not increased when the subjects became anoxic by breathing air 
poor in oxygen ; the degree of anoxia achieved was equivalent to an 
arterial saturation of about 65 per cent. Henry et al. (1947) in similar 
limb congestion experiments detected no increase in capillary perme¬ 
ability to protein in states of mild anoxic anoxia, a finding which 
supported earlier work (Henry et al., 1946); when, however, the 
oxygen saturation in venous blood draining from the limb fell to 
15 to 25 per cent., a significant increase in capillary permeability to 
protein was observed. 

Hopps and Lewis (1947) were unable to demonstrate in anoxic 
guinea pigs any increase in capillary permeability to antibodies, 
plasma proteins or dyes. The animals were exposed to oxygen tensions 
corresponding to an altitude of 30,000 ft., which is about the minimal 
lethal altitude for human beings. Calvin (1941) on the other hand, 
concluded from an investigation into the effects of asphyxia on plasma 
volume, red cell volume, and plasma protein concentration in animals 
that from moderate asphyxia to the point of cessation of respiratory 
movements, plasma volume progressively decreased. This suggested 
an increase in capillary filtration as a result of the direct action of 
very severe anoxia on the endothelium. Swann and Brucer (1949) 
have, however, shown that the increases in plasma protein levels in 
dogs subjected to fatal anoxia occur only when the animal is under 
general anaesthesia : Calvin’s interpretation that the changes in plasma 
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Local anoxia 

One of the classical investigations on the effoct of anoxia on 
capillary permeability was made by Landis (1927-28). Ho produced 
local capillary anoxia in the mesentery of frogs by stopping the blood 
flow for a few minutes and irrigating the surface of the mesentery 
with deoxygenatod Ringer solution. He found that there was an 
increased transudation of fluid from the capillary he was investigating, 
as comparod with that from the control capillaries oxposed to 
oxygonatod Ringer solution. He noted some lack of uniformity in 
his results and attributed this to the proximity to the capillary ho 
was observing of otlior capillaries containing freely circulating blood. 
This suggested that tlio dogreo of anoxia required to produce increased 
fluid transudation was severe, in fact so severe that in 1934 (p. 402) 
he stated “ ... it is still doubtful whether the oxygen tension in 
functioning tissues ever becomes low enough to be of importance.” 

An objection to applying the results of Saslow’s and of Landis’s 
experiments to mammalian pathology lies in important differences 
which exist between tlio circulatory dynamics of frogs and mammals 
(Isayama, 1924-25 ; Florey, 192G ; Conklin, 1930a). It is also well 
known that the capillaries of frogs have normally a much greater 
permeability to protein than have thoso of mammals (Conklin, 19305 ; 
Rous and Smith, 1931). 

Ischaemia. Total vascular occlusion for some hours in experi¬ 
mental animals has been shown to cause cedema after the circulation 
is re-established (Lazarus-Barlow; Pocliin, 1939-42). 'fins effect of 
local ischtemia is often put forward as evidence that anoxia increases 
capillary permeability though it is scarcoly necessary to point out 
that in ischiemia the capillaries aro deprived of all nourishment and 
not simply of oxygen. It is impossible to say from such experiments 
which particular effect of the ischtemia causes tho cedema. 

Conclusions from the literature 

It is clear from the published work that acute anoxia increases 
capillary permeability only when tho anoxia is extremely severe. 
Acute anoxia of this degree is to bo expected only in an animal on 
tho point of death. There is no evidence that a milder degree of 
anoxia persisting for a long period has the effect of increasing capillary 
pormeability and producing cedema. 

Summary 

In order to obtain direct evidence of the effects of local anoxia 
on capillary permeability and the production of cedema, experiments 
were performed undor controlled conditions on dogs in which the 
femoral artery of one hindlimb was perfused with venous blood from 
the femoral vein of the opposite hindlimb. Tho average oxygen 
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saturation of the perfusing blood was in the region of 50 per cent, 
and the duration of the perfusion was usually 6 to 7 hours. 

In one group of experiments uncomplicated perfusions were 
carried out; cedema did not develop in the anoxic perfused limb. 
In a second group of experiments various modifications of the simple 
perfusion technique were made, and these confirmed the validity of 
this method of investigating oedema. In the remaining experiments, 
the perfusion method was used in dogs in which cedema had been 
produced by saline infusion, plasmapheresis, venous congestion or 
local injection ; anoxia did not aggravate the oedema in the perfused 
limb nor reduce its rate of re-absorption. 

The evidence from these experiments and from a critical analysis 
of the literature suggests that capillary anoxia plays no part in the 
production of oedema. 

I am indebted to Professor H. L. Sheehan for his guidance and criticism 
throughout this investigation, to Professor R. A. Gregory for his advice on 
physiological technique, and to Dr Helen T. Morgan for her assistance during 
experiments. 
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MYONEURAL JUNCTIONS AND TOXIC AGENTS 
1?. A. Dekz 

Medical Research Council Unit for Research in Toxicology, 
IVoodmanstcme Road, Carshalton Beeches, Surrey 

(Plates XXXVn-XLI) 

The myoneural junction which forms the vital link between nerve 
and muscle is being studied intensively by physiologists and almost 
entirely neglected by pathologists. This neglect is Burprising because 
an increasing number of toxic agents are being shown to produco 
their effects at this site. Investigations in the field of myoneural 
pathology have been diroctod chiefly to the study of the degenerative 
changes which follow section of the motor nerve, and the fact that 
similar changes follow the destruction of the neurone in poliomyelitis 
(Chor, 1933 ; Dublin el al., 1944) has been accepted ns a reasonable 
and expected sequel. Interest in the human myopathies hns usually 
been confined to tho muscle itself, but Noel and I’ommc (1932) reported 
primary changes in the motor end-plates. On tho other hand, Palin 
and Kanarcjldn (1941) described changes which they considered to 
be secondary to tho atrophic process in the muscle. The lesions of 
the myoneural junctions which have boen reportod in beriberi will 
be considered later. This short summary disposes of all that is 
reasonably definite in the pathology of the myoneural junctions and 
leaves for consideration the much more obscure problem of the effect 
of drugs and bacterial toxins, grouped generally as toxic agents, on 
the microscopic anatomy of the myoneural junction. 

In a review of the mode of action of a numbor of toxic agents, 
Dale (1948) has pointed out that although curare, botulinus toxin 
and tetanus toxin all produce their effects at the myoneural junction, 
tho precise mode of action is different in each case. The physiological 
differences are definite but the claims that morphological changes 
can be demonstrated are conflicting and inconclusive. In the presont 
work the compound para-nitrophenyl diethyl thiophosphate, to which 
the symbol E.G05 is given, has been used to produce functional 
disturbances at the myoneural junctions and to provide material for 
histological study. The symptoms of E.C05 poisoning, as reported 
earlier (Denz, 1951), include muscular fibrillation and weakness. 
E.C05 has the power of inactivating both true and pseudo-cholin- 
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esterase and probably produces its effects in vivo in this way (DuBois 
et al., 1949). The prevailing view of the transmission of nervous 
impulses from motor nerve ending to muscle fibre is that a minute 
amount of acetylcholine is liberated at the end-plate. This acetyl¬ 
choline is almost immediately hydrolysed by cholinesterase, but it 
persists long enough to cause an excitatory depolarisation at the 
surface of the motor end-plate and the impulse is then electrically 
propagated in the muscle fibre. In E.605 poisoning, the cholinesterase 
is inactivated and therefore acetylcholine accumulates and persists 
at the myoneural junction. Thus a mechanism depending on the 
sudden production and rapid disappearance of acetylcholine for its 
initiation breaks down if acetylcholine persists unchanged. The 


NUCLEI OF SOLE-PLATE 



Fig. 1.—Diagram of myoneural junction. 


fibrillation and muscular weakness probably result from this disturb¬ 
ance in the transmission of nervous impulses. 

Since motor end-plates were first described by von Doyere in 
1840, their structure has been the subject of considerable controversy. 
Stohr (1928), Boeke (1932) and Hinsey (1934) have given full accounts 
of the earlier work, and more recently Tello (1944) and Couteaux 
(1947) have again attempted the elucidation of the finer structure. 
The terms myoneural junction and motor end-plate will be used 
synonymously in this paper. A labelled diagram (fig. 1) gives some 
idea of the modern views of the structure of this organ and of the 
components to which reference will be made in the text. The myelin 
sheath of the nerve fibre ends just before the fibre ramifies to form the 
hypolemmal axon, which has been shown by Couteaux to be in shallow 
gutters on the surface of the muscle fibril. The muscular component 
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MyoXEUItAL JUNCTIONS AND TOMC AOUNTt* 



Fro. 2.—Threo muscle end-plates of average size, from a rat poisoned acutely 
with E.6Q5. Gold chlando. X75Q. 





Fio. 3.—Throe end-plates, one slightly out of focus. Two are of average sue ami 
one is very small (about 12 p in length). From a rat poisoned acutely with 
E.605. Gold chloride. x750. 
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MYONEURAL JUNCTIONS ANt> TOXIC A«FNTS 



Fio. 4. —b.nrgn end-ptnto for comparison with fig. 3. From ft rnt poisoned 
acutely with E.OOo Gold chloride, y 750. 



Fin. 5 —Quo end-plate of average swo and one largo end-plate (about 50 /i m length). 
Granules of Kuhne prominent, with clear areas around Fronds of hypolemmal 
axon From a rat poisoned acutely with E.f»0f». Gold chloride. >' 750 
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Myoneural junctions and toxic agents 



Fig. 0.—End*plnte showing well-developed 
granularity of tho sole-pinto. Tho 
granules of Ivuhno outline tlio nuclei of 
tlio sole pinto, which appear ns clour ovnl 
spaces. From n rnt poisoned acutely w ith 
E C05. Gold chloride, X7C0 



Fig 7.—End-plnto with ngrnnidnr Role-plate. 
For rompnnson with figs. fi and Cl. From n 
rntpoiRoned acutely w ith E G0f>. Gold chloride. 
X750. 



Fig. 8 —To illustrate tho vnrintion found in adjacent end-plates. One is of Cnroy’s 
expanded type, the other of the retracted, strongly chrysophilic type. From a 
rat poisoned acutely with E.fiO.1. Gold chloride. x750. 
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MlOSEUIlAL JUNC1IONS AND 10X10 AO I NTS 



lie 0—Three imoncurnl junctions one of which shows some of the hjpolcmmal 
u\ons sharply in focus Tho collection of nuclei around the myoneural junctions 
is well shown bil\cr method—Bielschowskj Gross, counterstaincd with lrann 
toxylin X750 



1 10 10 —The first subdi\ lsions of the hypolemmal o\on nro sharply m focus, but 
the rest ljing in a deeper piano are much less well defined From an animal 
poisoned acutely w »th E G05 Mothylcne blue x 750 
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of the myoneural junction is the solo-plate. In gold preparations this 
is frequently studded with granules, the granules of Kuhne, which 
outline tho palo aroas occupied by the nucloi of the Bole-plato (fig. 6) 
and the margins of the gutters containing tho neural ramifications 
(fig. 5). The muscle striations continue across the sole-plato (figs. 2 
and 7), but aro less woll defined and aro frequently obscured by the 
granules of Kuhne (fig. 5). 

Tho three different methods used in this work—tho gold, silver 
and methylene bluo methods—tend to show up different components 
of tho end-plates, as Wilkinson (1929) has stated. The diagram 
(fig. 1) is drawn more from the appearance with gold preparations, 
and does not indicate the fineness of the neural ramifications obtained 
with the silver method (fig. 9). Again, tho granules of ICiihno are 
frequently presont in gold preparations, but only raroly in methylene 
bluo preparations (fig. 13) and never in silver preparations, although 
Caroy (1944a) has implied that their counterpart in silver preparations 
is that capricious and controversial structure tho periterminal network. 
The problem of comparing the results obtained by the different methods 
is avoided to some extent in this papor by considering separately 
the results obtained with each method in turn. 

An outstanding feature of motor end-plates is tho great variability 
of the neurofibrillary network. No end-plate is over exactly like 
another, and this individuality has led to encyclopedic accounts 
Buck as that of liuhno (YAhl), who described no loss than "Abb difletent, 
typos of end-plates. One explanation of this diversity of structure 
is that these variations reflect changes in physiological state, a concept 
that has been advanced in particular by Carey and lus associates. 
The present work was designed to seo whether lesions could be produced 
at the myoneural junctions by an anticholinesterase'agent and to 
investigate this relationship botwoen morphology and physiological 
state of the motor end-plates. It includes a critical review of the 
contributions of others to this question. The technical problems in 
the making of microscopical preparations of myoneural junctions are 
considered in detail, for an appreciation of these problems is crucial 
in the assessment of work in this field. 

Methods 

The albino rat was used in the majority of the experiments and discussion 
will be limited to this animal. Some preparations were made from tho tissues 
of mice and rabbits but these do not affect the conclusions reached on material 
from the rat. Acute E.605 poisoning was induced by subcutaneous injection 
of solutions of E.605 in otbyl lactate or ethyl alcohol, the doso ranging from 
1 to IS mg. per kilo. Prolonged poisoning with E.C05 was produced by daily 
injections of 1-5 mg. per kilo for periods up to ten days. Symptoms of prolonged 
poisoning were also produced by feoding on a diet containing 100 parts per 
million of E.605. The rats were killed by a blow on tho head. The muscles 
examined were tho intercostal?, the abdominal muscles and tho gastrocnemius. 

Eor the gold chloride method the tissue was fixed immediately after death 
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in 20 per cent, citric acid. Small pieces of muscle -were treated with gold chloride 
solution according to Carey’s (1942) modification of Lowit’s (1875, quoted by 
Hinsey) original method. Crush preparations of the muscle were found to be 
most satisfactory. 

Two different methods were used for silver preparations. Evans’s modifica¬ 
tion (1949, personal communication) of the Bielschowsky-Gross method was 
used chiefly. The best results were obtained after fixation for 7 or 8 months in 
the pyridine-formalin solution. A smaller number of preparations were prepared 
by Glees’ (1946) modification of the silver method. 

The methylene blue method used in this work was evolved only after meeting 
many technical difficulties. The innumerable variations of the methylene blue 
method which have been published since Ehrlich first used this dye to stain 
nerve tissue in 1886 emphasise its capricious behaviour. The problem has been 
somewhat clarified by Schabadasch (1935, 1936), who summarised in two papers 
the results of twelve years’ work. On the basis of Schabadasch’s findings a 
staining solution was designed to stimulate glycolysis by the addition of glucose 
and of magnesium and phosphate ions. The solution consisted of sodium 
chloride 0-8 per cent., glucose 0-2 per cent., magnesium bromide 0-02 per cent., 
methylene blue 0-02 per cent., buffered to pH 6 with a phosphate buffer. 
Methylene blue 2 B.S. (I.C.I.) was found to be the best of a series of bix different 
samples, but no explanation can be given for this finding. Both control rats 
and those poisoned with E.605 were killed by stunning. The chest wall was 
immediately exposed and the intercostal muscles infiltrated with the staining 
solution, which had been warmed to 37° C. The whole animal was then placed 
in an incubator for 20 minutes, the intercostals being infiltrated twice more 
with the methylene blue solution. The “ blueing ” was controlled under a 
dissecting microscope and small pieces of muscle containing stained end-plates 
were selected for fixation in ammonium molybdate or ammonium picrate 
Frozen sections were cut, dehydrated in n-butyl alcohol, cleared in xylene and 
mounted in canada balsam. Satisfactory although not quite uniform staining 
could be obtained consistently with this method. 


Results 

Gold chloride method 

The basis of comparison of the end-plates of animals poisoned 
with E.605 and normal animals was :—(1) The size of the end-plates. 
(2) The appearance of the hypolemmal axon, i.e. the nervous ramifica¬ 
tions within the end-plates. (3) Alterations in the granularity of the 
sole plate—the granules of Kuhne. (4) The incidence of gross lesions 
such as nuclear pyknosis or fragmentation of the end-plates. 

The maximum diameter of the end-plates was measured in both 
experimental and control animals. The mean and standard deviation 
for 500 consecutive end-plates for the two groups were :— 

Normal animals . . 33-65 7-231 

Poisoned animals . . . 33-37 ^±7-915 

More detailed analysis of the figures did not disclose any significant 
variation from preparation to preparation or from animal to animal. 
The end-plates of chronically poisoned animals were also of normal 
dim ensions. 

The variation in size of end-plates can be illustrated by reference 
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to tho following photographs, all of which have tho Bame magnification. 
Fig. 2 provides examples of end-plates of average size as stained by 
tho gold method. Fig. 3 shows two end-plates of avorage size and 
one vory small end-plate which may bo contrasted with the largo 
ond-plato in fig. 4. Fig. 5 also shows a vory large ond-plato as well 
as one of more moderate size. As those are all from poisoned animals 
it is obvious that E.C05 poisoning has not produced a common 
expansion or retraction of the ond-plato, but has left intact tho normal 
variability. 

The hypolommal axon in the gold method is outlined by the fine 
granules. Considerable variations in granularity are found in both 
control and experimental animals. A consideration of tho technical 
dotails of tho mothod suggests that great caution must be used in 
attributing such variations to physiological or toxic changes. It is 
customary to mako sevoral preparations from a single piece of muscle, 
usually between fivo and ton. Some of those may not show any 
end-platos; others show end-plates stained with varying degrees of 
precision. From the set of preparations one or more is chosen bocause 
of tho clarity or ologance of tho end-plates and taken as representative 
of tho muscle. In this way each preparation is selected for some 
property decidod on by tho experimenter before it is used for assess¬ 
ment of changes attributable to toxic agents. Alterations in tho 
granularity of tho hypolommal axon may arise from differences in the 
time the tissue is talron after death, in tho relation of tho end-plates 
to the surfaco of tho muscle exposed to the gold chloride, in the 
thickness of tho fragment of tissuo, in tho strength of the gold solution 
and probably many othor factors. In a single preparation some 
end-plates may be well stained, others ovorstained, and yet othors 
so lightly stained as to be almost invisible. These variations and 
the process of selection of preparations for detailod examination make 
comparison of tissues from control and experimental animals fraught 
with possible sources of error. No constant change in granularity 
of the hypolemmal axon has been found in E.C05 poisoning. Indeed 
the experimental and control tissues are indistinguishable. 

Alterations in the appearance and number of the granules of 
Kuhne have been described by Carey (1944a) following the administra¬ 
tion of curare and quinine, and to a much lesser degree by Guyton 
and MacDonald (1947) in experimental botulinus poisoning. The 
granularity of the sole-plate is as variable as the granularity of the 
hypolemmal axon, and the same criticisms of its validity as a criterion 
of abnormalities of the musclo end-plates can be applied. Thus 
figs. 5 and 0 show well-defined granules of ICuhno whereas figs. 4 and 7 
are almost without granules. Fig. 8 shows two end-plates on adjacont 
fibrils, one being of Carey’s expanded type showing few granules, 
the other a retracted type dark with granules. Thus in E.605 poisoning 
no consistent change could be found in the granules of ICuhno in the 
solo-plate. 
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Gross changes in the end-plates were sought hut not found. No 
single feature or combination of features was found that could enable 
the myoneural junctions of E.605-poisoned animals to be distinguished 
from those of normal animals. All the illustrations are from animals 
poisoned with E.605. A similar series could be selected from normal 
material. 


Silver method 

Clean and satisfactory preparations were obtained with the silver 
method. The fine rami fi cations of the hypolemmal axon as displayed 
with this method (fig. 9) contrast strongly with the coarse fronds 
shown by the gold method. In most preparations only the hypolemmal 
axon is seen and there is little to characterise the sole-plate except its 
nuclei which in fig. 9 have been stained with hsematoxylin. The 
method has the disadvantage of sectioned material as compared with 
crush and teased preparations in that myoneural junctions are so 
large that they are often seen only in fragments. If very thick sections 
are cut they are so opaque that resolution is difficult. 

The myoneural junctions from normal animals and from animals 
poisoned with E.605 were examined for retention of normal morphology, 
cleanness of staining, regularity of outline, retention of the normal 
number of neurofibrils and affinity for silver. In no respect did the 
poisoned end-plates differ from the controls. 


Methylene blue method 

This method was tried after failure to demonstrate changes in 
myoneural junctions by the silver and gold methods. It was thought 
that methylene blue might share the properties of other quartemary 
ammonium compounds of interfering with nerve conduction, and also 
because it was a known inhibitor of cholinesterase (Rentz, 1940 ; 
Klein, 1944). It seemed likely that the selective uptake of methylene 
blue by nervous tissue might be related to its cholinesterase content 
and that the inactivation of cholinesterase by E.605 might result in 
an altered affinity for methylene blue, with failure to stain the end- 
plates as the likeliest possibility. 

Erom a study of the myoneural junctions of normal animals and 
animals poisoned by E.605 no difference could be seen between the 
two groups, a conclusion completely in accord with that reached by 
the silver and gold methods. Although the myoneural junctions of 
both groups stained quite well there was considerable individual 
variation. This is somewhat difficult to illustrate owing to the 
difficulty of photography under high magnification of structures applied 
to the cylindrical surface of muscle fibres (see fig. 10) and to the fact 
that the contrast obtained with methylene blue is not nearly as good 
as with gold. However, some of the variability found in both normal 
and poisoned animals can be illustrated. Eig. 11 shows the picture 
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often soon where the staining is chiefly of the hypolemmal axon. 
In fig. 12 the axon is practically unstainod, whereas the gutter of 
the solo plate in which the hypolemmal axon lies is clearly stained, 
giving a picture closoly resembling those obtained by Couteaux with 
Janus greon. In fig. 13 tho hypolemmal axon is darkly stained and 
the methylene hluo is also deposited in granulos on tho sole-plate. 
These variations could not be controlled and obviously the method 
is not completely standardised. 

Practical experience with tho methylene-blue method has led to 
the acceptance of Schabadasch’s genoral concept that methylene blue 
is taken up selectively only by living nervous tissue and that this 
occurs under anaerobic conditions. He attributes the selective uptake 
of methylene blue to the groat capacity of nervous tissuo for anaorobic 
glycolysis, the methyleno blue acting as a hydrogen acceptor in the 
chain of carbohydrate metabolism. It is thus continuously reduced 
to the leuco-base. The regeneration of colour occurs when tho experi¬ 
mental conditions are altered from anaerobic to aerobic. The reason 
for tho firm localisation of methyleno blue in tho nervous tissue after 
reduction and then for some time after regeneration of full colour, 
is less well understood. Scliabadasch attributes it to the accumulation 
of lactic acid following anaorobic glycolysis. This produces a change in 
pH to the acid side with a resulting binding of tho basic methylene blue. 

If it is accepted that methylene blue stains nervous tissuo selectively 
because its oxidation reduction potential is such that it can act as a 
hydrogen acceptor, then tho concept that staining is primarily due to 
the presence of cholinesterase in tho tissue and that combination 
with methylene blue is due to its power to inhibit cholinesterase is no 
longer tenable. This has boen confirmed by adding a potent, rapidly 
acting anticholinostoraso agont to tho staining solution at a concentra¬ 
tion adequate to inhibit cholinesterase completely and observing that 
the myoneural junctions stained in tho normal way. The compound 
tetra-ethyl pyrophosphate (TEPP) has been found by Aldridge (1950, 
personal communication) to produco 50 per cent, inhibition of true 
cholinesterase in 30 minutes at 37° C. at a molar concentration of 
1-2 x 10-®. TEPP was added at a concentration of 10~ 6 molar to the 
staining solution immediately before injection and adequate staining 
of motor end-plates was obtained. Tho lack of correlation between 
methyleno bluo staining and cholinesterase content of myoneural 
junctions is confirmed by the work of Hillarp (1940), who found 
that nerves and myoneural junctions fully stained by methylene blue 
were still capable of transmitting impulses to muscle in the normal way. 


Discussion 

In E.605 poisoning two possible events have been considered, 
first that the myoneural junctions may be abnormal and second that 
the inactivation of cholinesterase might reduco all end-plates to a 
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common physiological and morphological state. The junctions would 
then he expected to present a constant and uniform appearance. In 
the poisoned animals neither possibility was encountered. The 
normal structure was preserved along with the normal variability. 

In view of the negative findings in E.605 poisoning it is instructive 
to examine the reports of the effect of other toxic agents on myoneural 
junctions. This investigation may be opened by considering the 
problems of acute beriberi and acute starvation, in which the lesions 
described by Woollard (1926-27) are often quoted in support of views 
associating myoneural lesions with disorders of function. It provides 
an example of the difficulty of assessing work in this field and the 
peculiar viability of ill-founded conclusions. In beriberi the almost 
immediate relief of severe symptoms by vitamin B 1 has long been a 
pathological curiosity. The degenerative changes in the brain, spinal 
cord and peripheral nerves that have been described at various times 
have always seemed inadequate as a primary cause of the symptoms. 
Tsunoda (1928) used the silver method to study the muscle and plates 
of pigeons with experimental beriberi and reported irregularity in the 
outline of the hypolemmal axon. Woollard with the gold and 
methylene blue methods found an early breakdown of the muscle 
end-plates of rats with beriberi and, surprisingly enough, thought 
that these lesions offered a more satisfactory explanation of the rapid 
recovery on treatment with vitamin B 1 than did the polyneuritis and 
spinal and cerebral lesions described by others. Woollard did not 
strengthen his case by describing similar changes in the end-plates 
of rats after short (6-7 day) periods of starvation, periods about 
four weeks less than the usual time required to produce experimental 
beriberi. This production of end-plate lesions by inanition has been 
controverted by Rogers et al. (1931), who reported that the finest 
ramifications of the hypolemmal axons were preserved on the surface 
of muscle fibres which had undergone complete hyaline necrosis in 
the condition of nutritional muscular dystrophy in guinea-pigs, now 
attributed to vitamin-E deficiency (Wolbach and Bessey, 1942). 
More recently Hines et al. (1943-44) could find no evidence that 
functional denervation resulted from prolonged acute inanition in 
rats and guinea-pigs. The modem view of the biochemistry and 
indefinite pathology of acute beriberi has been summarised by Peters 
(1949), who defines it as a “ biochemical lesion ” in which severe 
symptoms appear before any changes are visible under the microscope. 
We are not concerned here with the degenerative changes in nervous 
tissue that may arise in chronic beriberi but only with the lesion of 
acute beriberi as produced by Woollard in winch the symptoms 
disappear in a few hours after treatment with vitamin B 1 . It is now 
much easier to accept the idea that the symptoms arise from a 
disturbance of the pyruvate oxidase system rather than from a primary 
degeneration of the muscle end-plates. 

Curare has been studied longer than other toxic agents which 
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act at the myoneural junction and is tho only ono on which a substantial 
amount of pathological work has boon done. But tho conclusions 
of the various workers are inconsistent. Riihno (18C0) thought that 
tho unstained roptilian ond-plate was rendered more distinct when 
poisonod with curare. Miura (18SG), using tho gold chloride method, 
found some atrophy of tho end-plates in lizards after 40 days of 
poisoning, but no chango in frogs. Herzon and Odier (1904) also 
employod. tho gold clilorido method with frogs and thought that 
treatment with curaro produced irregularity in the outlino of the 
digitations. To this inconclusive earlier work can bo added somo 
recent but conflicting reports. Rojas el al. (1939), applying both tho 
gold and silver methods, describe in eurariscd lizards an enlargement 
of the end-plates and an increased prominence of the hypolemmal 
axon. Carey (1944a), using the gold chloride method with chameleons, 
reached the opposite conclusion that curare caused a retraction of 
the end-plate. In addition he reported an increased chrysophilia 
and accretion of the granules of Ifiihne. Dublin (1944), on tho other 
hand, could find no remarkable variation in the muscle end-plates 
of curarisod rabbits stained by the gold method. This last conclusion 
is supported by tho work of King (1945), who measured the muscle 
end-plates, stained by tho gold chloride method, of normal and 
curarisod rats and could find no difference in size or structure. 

Thero is much less information on the histological changes in 
poisoning by other toxic agents acting at tho myoneural junction. 
Tho appearance of end-plates in experimental poisoning of guinoa-pigs 
by botulinus toxin has been reported by Guyton and MacDonald. 
Tho toxin was injected intramuscularly so as to produce local paralysis 
and the affected end-platos were examined by tho gold clilorido mothod 
after varying periods of paralysis from four days to sevon months. 
They formed the guarded opinion that it could not bo concluded 
that there were any definito structural changes in the poisoned end- 
plates, although these wore not entirely normal in the earlier stages 
of poisoning. They expressed surprise that poisoning and paralysis 
of over Bix months’ duration could occur without morphological 
chango in the myoneural junctions. 

Internal evidence throws some doubt on the conclusions reached 
by Kura and Kamesawa (1928) on the myoneural changes in tetanus. 
They injected tetanus toxin subcutaneously in mice and with the 
silver method found coarseness of outline of tho hypolemmal axon 
thickening of nerve fibres and irregularity in tho silver staining. Theso 
findings are strikingly similar to changes found in beriberi in pigeons 
and reported from the same laboratory at the same time (Tsunoda). 
Indeed, Tsunoda in his paper attributes very similar changes in tho 
end-platos of the normal rat to delay in fixation. 

The work quoted so far certainly does not justify tho conclusion 
that morphological changes can be experimentally induced in muscle 
end-plates, but littlo mention has been made of the work of Carey, 
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the chief proponent of this view. In 1941a Carey stated briefly that 
the pleomorphism of the end-plate is a consequence of its amoeboid 
movement on the muscle fibril and, perhaps less clearly than in later 
papers, that the variations in the granularity of the sole-plate aro 
evidence of different phases in the periodic activity of the secretory 
mechanism of the end-plates. Over the next eight years he and his 
colleagues published a series of papers supporting these hypotheses. 
The criticism of the gold chloride method detailed in an earlier part 
of this paper applies to Carey’s work as a whole. In his papers there 
is no real attempt to define the normal variation, the position adopted 
being that this is a problem “ comparable to the study of the various 
complex forms of the waves that compose breakers along a diversified 
coastline” (Carey et al., 19466, p. 184). Despite this fundamental 
difficulty Carey and his associates were able to describe the production 
of characteristic changes in myoneural junctions by many different 
ways—by electrical shocks and the inhalation of carbon dioxide 
(Carey, 1941a and 6, 1942), by the action of a number of drugs, 
including curare, quinine, physostigmine and acetylcholine (Carey, 
1944a),and D.D.T. (Carey et al., 1946a), by the injection of lactic acid 
(Carey and Massopust, 1944), in human poliomyelitis (Carey et al., 
1944a) and in experimental poliomyelitis in monkeys (Carey, 1943 ; 
Carey, 19446), following haemorrhagic shock (Carey et al., 19446), 
traumatic shock (Carey et al., 1945a, Carey et al., 19456) and thermal 
shock (Carey et al., 19466), after nerve section (Carey et al., 1946c), 
and after disuse (Carey et al., 1948). This formidable series of papers 
is characterised by beautiful illustrations and many novel views on 
the structure and particularly the function of nerve and muscle. 
Some of these opinions can be illustrated by reference to the evidence 
which “ appears to support the claim that there are morphologic as 
well as chemical transmitters of normal and abnormal nerve impulses ” 
(p. 1227) and that motor end-plates “ appear to be biologic jet-pumps 
that discharge either normal or abnormal neurogenic substances into 
the myoplasm of the muscle fibers ” (Carey et al., 1946c, p. 1226), 
and the view that cross striations of voluntary muscle are “ structural 
expressions of the changeable mechanical energy of explosive pressure 
that accompanies the capillary chemistry of metabolism ” (Carey 
et al., 19466, p. 196). 

The acceptance of the view that toxic agents can produce 
characteristic changes in myoneural junctions (McIntyre, 1947; 
Marrazzi, 1948 ; Lehman, 1949 ; Cowdry, 1950, and others) has 
usually been based on one or other of Carey’s papers and not on a 
critical assessment of the available evidence, which, taken as a whole, 
does not support either the hypothesis that morphological lesions 
have been produced by a variety of toxic agents, or the ancillary 
suggestion that the great variability of myoneural junctions in normal 
anim als is the consequence of their varying physiological states. 
Two main reasons can be given to explain the contradictory findings 
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which have been recorded. The depth and selectivity of the staining 
cannot he adequately controlled, a point that has been omphasised 
by Bremer (1936) and Gutmann and Young (1044). Many workers 
have failed to establish the normal range of variation and have made 
tho error of attributing to the action of specific toxic agents what 
are really normal appearances. 

The present work records the failure to find pathological lesions 
in a nim als poisoned by an anticholinesterase drug. It providos 
additional evidence of the inadequacy of the three methods, tho gold 
chlorido method of Lbwit, tho Biolschowsky-Gross silver method and 
tho methylene bluo method of Ehrlich as means of investigating the 
histological aspects of poisoning by agents known to act at the myo¬ 
neural junctions. But tho possibility of using the microscope to study 
the effect of toxic agents on myoneural junctions is not excluded. 
Perhaps such methods as phase contrast microscopy, an examination 
of the mitochondria of tho solo plate on the lines of Noel and Pomm6, 
the use of tho Janus-green method of Couteaux, or a study of the 
site of activity of cholinesterase by methods such as those of Gojnori 
(1948) and ICoelle and Eriedonwald (1949) may offer more promising 
lines of investigation. But such techniques are unlikely to bo used 
until the inadequacy of tho more usual mothods is fully appreciated 
and some of the generally accepted reports more critically assessed. 
This paper is directed towards this end, with the definite statement 
that the production of pathological lesions of myoneural junctions by 
toxic agents such as curare, botulinus toxin, tetanus toxin and anti¬ 
cholinesterases has not yet been satisfactorily demonstrated. 

Summary 

1. Tho histological structure of myoneural junctions of the albino 
rat was examined in the normal animal and also in the rat poisoned 
by the anticholinesterase drug, para-nitrophenyl diethyl thiophosphate 
(E.605). 

2 . The gold chloride method, the ammoniacal silver method and 
the methylene blue method wore usod to demonstrate the myoneural 
junctions. 

3. No consistent changes that could be attributed to the action 
of E.095 were found. 

4. The reports in the literature of structural changes in myoneural 
junctions produced by other toxic agents such as curare and botulinus 
toxin are critically assessed. 

The conclusion is reached that the production of visible patho¬ 
logical-lesions in tho myoneural junctions by such toxic agents has 
not been satisfactorily demonstrated. 

G. The inconsistencies in the literature are accounted for by the 
extreme variability of the normal structure and by the fact that 
reproducible results have not been obtained with the usual histological 
methods for myoneural junctions. 

3 . PATH. BAPT.—YOB. LXUI ' q 
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THE ANTIDIURETIC HORMONE OF THE POSTERIOR 
LOBE OF THE HUMAN HYPOPHYSIS 


Cesare Cavallero and Marco Zanchi 

From the Department of Pathological Anatomy, University of Milan 

Recent evidence suggests that neurohypophysial function is modified 
in a variety of clinical and experimental conditions. It seemed of 
interest, therefore, to investigate the hormone content of human 
posterior pituitary glands obtained from post-mortem material which 
included instances of diseases in which disturbances of the metabolism 
of water are known to occur. 

A difficulty inherent in such an investigation is the delay between 
the death of the patient and the removal of the material- for analysis. 
In the present series the glands were removed 10 to 25 hours after 
death and it is assumed that no marked losses of activity occurred 
during these intervals. This assumption appears justified in view of 
the finding of Heller and Zaimis (1949) that the antidiuretic and 
oxytocic potency of extracts of human posterior lobes, removed 7 to 
40 hours after death, showed no correlation with the length of time 
which the glands had been kept in situ. 


Material and Methods 


The antidiuretic potency of extracts of 58 humanhypophysos was estimated ; the 
age of the subjects ranged from 16 to 78 years; 33 were males and 25 were females. 

Preparation of extracts. The posterior pituitary lobes were carofully dissected 
as soon os possible after death and immediately ground in a mortar with 
0*9 per cent. NaCl solution. One ml. of saline was allowed per mg. of gland. 

Method of antidiuretic assay. Bum’s (1931) method was used. Water and 
food was withheld from the Tats for 12 hours before the experiment. The output 
of urine was calculated as percentage of the water administered. Readings were 
taken every 15 minutes for a period of three hours. The neurohypophysial 
extracts were injected immediately after they hod been prepared. The standard 
dose was 0-5 ml. of extract (equivalent to 0-5 mg. of neurohypophysial tissue) 
per 100 g. rat. Control experiments were made with the same volume of 
0*9 per cent. NaCl solution only and with extracts of indifferent nervous tissues 
(cerebral and cerebellar cortex, pineal body) in the same doses, i.e. 0*5 ml. 
(0*5 mg.) per 100 g. rat. 

Statistical evaluation of results. Standard errors (S.E.) were calculated 


I S& 

03 Vn(n-l) 


and Student’s 


t ” by means of the following formula j 




differences between two groups were considered significant when “ t ”>2-2. 
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Results 

Tablo I compares tho antidiuretic effect of neurohypophysial 
extracts with tho results obtained with tho control solutions. It shows 
tho high potency of tho posterior pituitary oxtracts and tho absence 


Tablt: I 

Mean effect on water diuresis of rats produced by saline, nervous tissue 
controls and neurohypophysial extracts (for dosage see text) 
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of nnlidiurctic activity in tho control oxtracts. No relation could bo 
obsorved between hormono contont. and sox but remarkable differences 
appeared when tho post-mortom material was grouped according to 
tho disoaso from which tho patients had suffored (tablo II). Tho 

Tabu: JI 


Mean effect on water diuresis of rats produced by neurohypophysial extracts 
from post-mortem material grouped acconling to morbid conditions (for dosage 
see text) 
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“ normal ” group comprised glands from cases in which no 
abnormalities of tho metabolism of water bad been ovidont. Tho 
causes of death in this group woro malignant growth, tuborculosis, 
sepsis, meningitis, abortion, loukrcmia and gastric ulcor. Tiio extracts 
from the gland of such eases showed a fairly uniform activity which 
•was considered as “ normal ” and which served ns basis of comparison 
for tho results obtained in the othor groups. Tho interest of the 





























ANTIDIVBETIO HORMONE 


251 


table lies in the cases of renal and essential hypertonsion, cirrhosis 
•with ascites, cardiac failure with cedema, diabetes mellitus, eclampsia 
and Addison’s disease. It will bo soon that the antidiuretic potency 
of the extracts obtained from the posterior pituitary glands of these 
cases was significantly higher than the mean effect exerted by the 
extracts classed as “ normal.” A higher antidiurotio activity could 
also be demonstrated in two case3 of brain tumour. Finally a case 
of diabetes insipidus and one of hemochromatosis desorvo attention. 
Practically no antidiurotio effect was observed after the injection of 
the pituitary extract from the case of diabetes insipidus in which 
the posterior lobe appeared to be replaced by tuberculous granulation 
tissue (compare with the results of control injections, table I). The 
assay in the case of hemochromatosis, in which the posterior lobe was 
strongly pigmented, also gave low results. 

Discussion 

The antidiurotio hormone in the posterior pituitary gland was 
found to be significantly increased in diseases which are known to be 
associated with marked retention of water, such as sevore cirrhosis 
with ascites, cardiac ccdema, arterial hypertension, eclampsia and 
Addison’s disease. Similar results were obtained in diabetes mellitus, 
i.e. in a condition in which abnormalities of electrolyte and water 
metabolism have been shown to occur oven before the onset of coma 
(Blum, 1928 ; Atchley el al., 1933 ; Mach, 1946). In striking contrast 
to these findings was the very low hormone content in a case of 
diabetes insipidus which is in accordance with tho recontly published 
findings of Hewer and Heller (1949), and in a caso of massive pig¬ 
mentary infiltration of the neurohypophysis. 

An increase of antidiurotio activity in body fluids is said to occur 
in liver cirrhosis (Malaguzzi-Valeri and Mininni-Montesano, 1941 ; 
Ralli el al., 1945 ; Leslie and Ralli, 1947 ; Drill and Frame, 1948 ; 
Hall el al., 1949), essential hypertension (Malaguzzi-Valeri and 
Mininni-Montesano, 1942; Ellis and Grollman, 1949), eclampsia 
(Anselmino and Hoffmann, 1931; Teol and Reid, 1939; Ham 
and Landis, 1942), chronic nephritis (Bohn and Hahn, 1933 ; 
Coester, 1933-34; Robinson and Farr, 1940-41), acute hepatitis 
(Malaguzzi-Valeri et al., 1949), normal pregnancy (Krieger and 
ICilvington, 1946 ; Colucci and Siiiotti, 1948), and in hunger oedema 
(Gopalan, 1950). So far it has not been proved that these antidiurotio 
activities derive from tho neurohypophysis. In fact, the evidence 
is, if anything, to tho contrary (Ham and Landis, 1942; Dicker, 
1950). However, it will be noted that tho conditions enumerated 
include some in which an increased antidiuretic potency per mg. 
fresh neurohypophysial tissue could bo demonstrated. A correlation 
between the increased antidiuretic titre of body fluids and the increased 
hormone content in the gland is thus suggested. 
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Results 

Table I compares tlio antidiuretic oiTect of notirohvpophysial 
oxtracts with the rosults obtained with the control solutions. It shows 
tho high potency of the posterior pituitary oxtracts and tho absence 


Taui/h I 

Mean effect on water diuresis of rata produced by enKnr, nervous tissue 
controls and neurohypophysial extracts (for dosage see text) 
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of antidiurotic activity in tho control oxtracts. No relation could bo 
obsorvod botweon hormone content and sex but romarkablo difioronces 
appoared when tho post-mortem material was grouped according to 
tho diseaso from which tho patients had suffered (tablo II). Tho 

'J'ahuv. II 


Mean effect on uxiter diuresis of rats produced tiy neurohypophysial extracts 
from post-mortem material grouped acconiing to morbid conditions (for dosage 
see text) 
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“ normal ” group comprised glands from cases in which no 
abnormalities of tho motabolism of water had boon ovident. Tho 
causes of death in this group were malignant growth, tuberculosis, 
sopsls, moningitis, abortion, leukaemia and gastric ulcor. The extracts 
from tho gland of such cases showed a fairly uniform activity which 
was considered as “ normal ” and which served as basis of comparison 
for tlio rosults obtained in tho other groups. Tho interest of the 






















6 i 2 . 015 • 3 1 (Sr", Sr 90 , Y 90 ) : 618 [. 2 + . 63 (Cuneus) 
612 . 015 . 31 (Sr* 9 , Si 30 , Y 99 ) : 616 — 053.31 (Cuneus) 

THE RETENTION OE RADIOACTIVE STRONTIUM 
AND YTTRIUM (Sr 89 , Sr" AND Y 90 ) IN PREGNANT 
AND LACTATING RABBITS AND THEIR OFF¬ 
SPRING * 

Babbaba Kidman, Mabqabet L. Tdtt and Janet M. Vaughan 

From the Department of Pharmacology and the Nuffield 
Department of Medicine, Oxford 

(Plate XLII) 

An investigation of the metabolism of Sr 89 , Sr 90 and Y 90 in young 
and adult rabbits has been reported (Kidman et al., 1950). A further 
investigation of the effect of diet and of the time of injection in relation 
to delivery on the retention of the same isotope mixture in pregnant 
and lactating rabbits and their offspring is now described. Excretion 
studies, except in the milk, on the present group of animals were 
impractical owing to the presence of a nest and its contents. 

Experimental procedures 
(1) The effect of diet on retention 

The effect of diet was studied in three groups of rabbits on the same diets 
as previously recorded —(l) a low calcium intake, ( 11 ) a medium calcium intake, 
(iu) a high calcium intake {Kidman ct al ). It proved impossible to breed rabbits 
without giving them material with which to make a nest 3 4 days before delivery. 
In the present experiments with one exception hay was used which contains 
1 6 per cent, of calcium oxide. It was hoped to include a second group of low 
calcium rabbits nested on straw which has a lower calcium content of 0 6 per 
cent. Unfortunately it is extremely difficult to breed from rabbits in the low 
calcium group and only one rabbit nested on straw is included here. An attempt 
to use cotton wool was disastrous as the mother ate the cotton wool and died 
with a ruptured stomach. The calcium deficient mother eats hay or straw with 
avidity and the baby rabbits start to nibble any time after the first week so 
both mothers and sucklings had a somewhat mcreased calcium intake over a 
short period. The radiograms of the bones of weanling rabbits from mothers 
on a low calcium diet who had access to hay suggest that though there was 
a probable increase in calcium intake it had little ob\ ious effect on calcification 
(Kidman el al.). "Radiographic examination of the foetuses also showed a 
marked difference dependent on the diet of the mother (fig. 1). 

* Work Undertaken on behalf of the Protection Sub Committee of the Medical 
Research Council Committee on Medical and Biological Applications of Nuclear 
Physics 

f Nuffield Graduate Assistant 
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In order to test tho possible ofiect of the temporary provision of lmy on tlio 
intake of strontium in rabbits on a low calcium diet threo six-months-old virgin 
rabbits wero given lmy ad lib. in addition to their oats and potatoes for seven 
days beforo tho intravenous injection of the routine doso of strontium. They 
wero then placed in metabolism cages on tho samo diet witli access to lmy and 
killed at tho end of 9 days, 

Idie rabbits used for dietary studies wero given a single injection of 
approximately 25 pc. of tho isotopo mixturo per kg. body weight into tho 
marginal vein of tho oar, in somo cases with and somo without carrier 9 days 
before delivery. 

(a) Pregnant rabbits. For purposes of direct comparison with tho un¬ 
encumbered adult, rabbit, tho pregnant rabbit should have been C months old. 
It was not always possible to use rabbits of exactly this ago owing to difficulty 
in keeping a largo enough stock. Tho average age of tho pregnant rabbits 
receiving an injection 9 days before delivery was 7 months, varying from 
C-8 months with one exception noted in tho text. All rabbits wero killed tho 
day delivery was expected. In some eases the young were bom tho night 
before and suckling had occurred. This was ignored in tho rabbits injected 
9 days before delivery as there is evidence that, excretion in the milk falls to a 
low level within 49 hours of injection {Erf and Tocher, 1910). 

(b) Dictating rabbit a. Rabbits used for dietary studies received a singlo 
injection of 25 pc. of the isotope solution per kg. body weight in the marginal 
vein of the ear, in somo rases with nml somo without carrier, 7 days after 
delivery. They wero killed together with their litters 9 days later. 


(-) NJJeci of time of injection on retention 

(a) Pregnant rabbits. Three rabbits on a medium calcium diet were given 
100 pc. per kg. US or 50 days before delivery. They had an averago ago of 
0 months, varying from 5-7 months. Six rabbits varying in ngo from 0-12 months 
with an average age of 7 months on different diets received an injection of 
25 pc. per kg. 24 hours before delivery. Roth groups wero killed tho day tlio 
litter was due. If tho litter had boon delivered tlio stomachs of tho fceluses 
wero dissected out and the strontium content of tho milk determined. 

(b) Dictating rabbits. Two litters from normal rabbits wore transferred at 
birth to mothers injected 59 days previously with 100 pc. of strontium and 
subsequently mntod. One mother was nged 5 months and the other 0 months 
at tho timo of injection. Their own litters wero destroyed. Tho normal fmtnses 
wero thus suckled by mothers whose bones contained radioactive strontium 
and yttrium. 


(5) Excretion in the mill; 

Eight lnetating rabbits on a medium calcium diet were used to study tho 
excretion of strontium in tho milk. Two to 10 days after delivery 6 of tlieso 
rabbits received a single intravenous injection of isotopo mixturo containing 
approximately 15 pc. of st rontium per kg. body weight. They wore subsequently 
milked by hand or with an electric machine for 1 to 5 days. No attempt to 
atrip tlio rabbit at each milking was made : amounts varying from 0*5 to 2 ml. 
wero withdrawn and data were expressed ns tho percentage of strontium 
injected per ml. of milk. After milking tho mother was returned to her litter 
which was reduced to 1-4 in number, except in two cases where tho litter died. 
Two rabbits wero injected 3S days beforo delivery with solutions containing 
approximately 100 pc. of strontium and tho strontium content, of their milk 
was estimated after delivery. In threo instances beforo skill in milking had 
been achieved ono or rnoro doses of oxtract of tho posterior lobe of tho pituitary 
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were given. In two of tho rabbits blood samples were taken at the same timo 
as milk samples. Blood samples wore also taken from 4 non-lactating rabbits 
after injection. 

(4) Preparation of samples and measurement of radioactive dements 

Tho bones of mothers and sucklings wore dissected out and dissolved in 
concentrated nitric acid as previously described (Kidman et ah). Tho foetuses 
•were dissolved in a similar manner. Tho Btrontium content was oppressed per 
whole litter, per individual foetus and, when tho foetuses wore weighed, por g. 
of foetus. In tho caeo of tho milk 0-1 ml. was measured on to a nickol specimen 
disc and dried over a water bath. Ono to five such samples woro taken from the 
milk obtained at any ono timo and tho activity measured with a G.E.G. counter 
typo G.M. 4, tho average figure being recorded. In one series parallel estimations 
were modo using diluted milk in a typo M. 0 counter (Voall, 1048). This may 
prove tho more satisfactory tecliniquo but in the present paper only tho results 
with tho dry method arc recorded. 

Blood was withdrawn from tho marginal vein of tho car, diluted with distilled 
water and activity estimated in a liquid counter typo M. C (Vcall). 


(5) Estimation of radioactive elements 

Tho methods used for estimation of radioactive strontium and yttrium 
in tho biological material woro tho sumo as those described by Kidman et ah 
In tho earlier experiments of which a preliminary report has already been 
published (Tutt and Vaughan, 1049} tho importance of allowing matorial to 
reach radioactivo equilibrium for a correct estimation of strontium content 
was not appreciated. These results are not included hero. 

Counts wcro mndo os Boon as possible after collection of samples and again 
after radioactivo equilibrium was reached on all samples oxcept tho blood of 
rabbits 73 and 08 which wcro measured only once shortly after withdrawal. 
The decay curves on tho blood of rabbit 257 and rabbit 284 showed that tho 
maximum change in activity was only 20-30 per cent.; therefore it appears 
justifiable to include all tho data on blood lovols. 


Results 

Retention o£ strontium 

(a) Rabbits on a low calcium did given access to hay 

Tho threo virgin rabbits on a low calcium diet given access to hay 
for 7 days boforo injection and subsequently for 9 days had a mean 
retention of 20*9 per cent, of tho Btrontium injected. The mean 
excretion in the urine was 33*8 por cent, and in the fasces 32*9 por cent. 
The moan total recovery was 87*5 per cent. As previously reported, 
■virgin rabbits of the same ago on a low calcium diet without access 
to hay retained 67*7 per cont. of the strontium injected, excreting 
only 5*6 per cont. in their urine (Kidman et al.). 

(b) Pregnant mothers 

(i) Injection 38-50 days before delivery. Two rabbits on a medium 
calcium diet injected 38 days before delivery had a mean retention 
of 12*1 per cent, of tho injected dose and 0-06 per cent, per g. of bone. 
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One rabbit injected 50 days beforo delivery had a retention of 7-4 per 
cent, of the injected dose, representing 0-03 per cent, per g. of bono 
(table I). 

(ii) Injection 9 days before delivery. The strontium retained by 
pregnant rabbits injected 9 days before delivery on a low calcium 
diet was 36-3 per cent., on a medium calcium diet was 12*8 per cent, 
and on a high calcium diet was 10-2 por cent, of the strontium injected 
(table I). The retention por g. of bono was 0-2 per cent, on a low 

Tatilu I 


Effect of diet and time of injection on the retention of 
radioactive strontium in pregnant rabbits 
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calcium diet, 0-07 por cent, on a medium calcium diet and 0-05 por cent, 
on a high calcium diot. 

(iii) Injection 24 hours before delivery. When the injection was 
made 24 hours boforo dolivory tho avorngo retention in the bones 
of the mother on a medium calcium diot was 14-3 per cent., and on 
a high calcium intake was 13-S por cont. Only one mothor on a low 
calcium diot was available and she was 12 months old. Retention 
was 28-8 por cent, of that injcctod. Retention por g. of bono was 
0*16 por cont. on a low calcium diot, 0-07 por cont, on a medium 
calcium diot and 0-08 per cont. on a high calcium diot (table I). 

(c) Foetuses 

(i) Injection' of mother 38-50 days before delivery. The moan 
retention in tho litter of two mothers injected 38 days beforo delivery 
was 0-03 per cent., tho mean retention por foetus was 0-005 per cont. 
or expressed por g. of foetus 0-0002 per cent. The retention in the 
litter of a mother injected 50 days before delivery was 0-04 per cent., 
0-005 per cent, per foetus or 0-00015 por cent, per g. (table II). 
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( 11 ) Injection of mother 9 days before delivery The litters from 
mothers injected 9 days before dolii cry on a low calcium diet contained 
a mean of 2 4 por cent of the injectod dose, on a medium calcium 
diet 0 78 por cent and on a high calcium diot 1 1 per cent If retention 
is expressed per foetus on a Ion calcium mtako each foetus retamed 


Tablt n 

Effect of diet and time of injection on the retention of radioactive strontium 
tn the litters of rabbits on different diets 
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Percentage of Injected strontium retained per Utter 

1 erccntnjre oflnjrcted 
strontium retained 
per fmtiH 


No 

In litter 

Lo v 
calcium 
diet 

No 

In litter 

Me Hum 
calcium 
diet 

No 

In Utter 

IIlKh 

calcium 

diet 

I o\\ 
calel im 
diet 

Me limn 
calcium 
diet 

High 

caldum 

diet 

24 hours 

-f 

1 

4 2 

8 

13 I 

4 

4 1 

42 

1 0 

1 o 


0 



7 

9 5 

5 

7 1 


1 4 

1 4 


0 





4 

C 0 



1 5 

9 days 

+ 

a 

2 6 

4 

0 80 

5 

0 74 

1 3 

0 20 

0 15 


0 

1 

0 49 

o 

0 53 

4 

0 62 

0 49 

0 2G 

0 1G 



o 

4 I 

7 

1 0 

9 

2 0 

2 0 

0 16 

0 22 

38 days 

+ 



8 

0 05 




0 006 



+ 



3 

0 01 




0 005 


50 days 

0 



8 

0 04 




0 005 



1 26 per cent of the injected dose, on a medium calcium intake 
0 2 per cent, and on a high calcium mtako 0 18 per cont On a medium 
and high calcium diet the amount rctamod per litter was affected by 
the number m the litter, being greater the larger the htter. The 
number of foetuses in the low calcium htters never exceeded two so 
no conclusions on the effect of htter size on total retention m this 
group can be made (table II) 

(m) Injection of mother 24 hours before delivery Retention m 
the foetuses from mothers injected 24 hours before dolix ery exclusive 
of what was found m the stomach was greater than in those injected 

9 days before delivery On a low calcium intake one htter retamed 

4 2 per cent of the mjected strontium, on a medium calcium mtako 
two htters retained an average of II 3 per cent and on a high calcium 
intake the moan retention m three litters urns 5 7 per cent Expressed 
per feetus the mean retention on a low calcium intake was 4 2 per cent, 
on a medium calcium mtake 1 5 per cent and on a high calcium mtake 
1 3 per cent The amount m the foetal stomachs varied from 0 3 to 
0 6 per cent of the mjected dose (tablo II) 

In some cases the percentage retamed per g of feetus was also 
compared with the percentage retamed per g of maternal tissue, with 
a view to determining whether there was any concentration m the 






258 


B. KIDMAN, M. L. TUTT AND J. M. VAUGHAN 


foetus. The retention, per g. of tissue of the foetuses of mothers injected 
24 hours before delivery was greater than per g. of the mothers’ tissue 

Table III 


Mean values for percentage of strontium retainer! expressed per g. of 
whole tissue in mother and fee. tun 


Mother 

I'CEtmca 

Time 

Low 

Medium 

Hlch 


Medium 

Tftpli 

oflnjcctlon 

calcium diet 

calcium diet 

calcium diet 

calcium diet 

calcium diet 

calcium diet 

24 hours 

0-01S 

0-0050 

0-0000 

0-085 

0-040 

Bum 

0 days 

0-019 

0-0054 

0-0040 

... 



38 days 

... 

0-0005 

... 

... 

0-00018 


50 days 


0-0032 

... 

... 

0-00015 

... 


(tablo III). Tin's was not iho csso in the fcotvsos of mothers injected 
9 days or 38 days boforo delivery. 


(d) Laclating mothers 

(i) Injected 7 days after delivery. Tho moan retention of injected 
strontium in threo lactating rabbits on a low calcium intake with 
access to hay was 13-4 por cent. When straw, which has a lower 
calcium content, was substituted for hay in ono rabbit tho retention 
was 2G-1 por cent. On a medium calcium diet tho moan retention was 

Table IV 


Retention, in lactating rabbits on different diets, of radioactive strontium 
injected before and after delivery 



Carrier 

Percentage onnjertrd strontium retained 

In bone 

Percentage of Injected 
strontium retained 
per p. of bone 

of injection 

Xo. 

In litter 

Low 

calcium 

diet 

Xn. 

In litter 

Medium 

calcium 

diet 

Xo. 

In Utter 

Jlljjh 

calcium 

diet 

Low 

cnl'-lum 

diet 

Medium 

calcium 

diet 


7 dnvs nftor 

+ 

4 

17-1 

G 

0-4 

4 

8-0 

0-09 

0-03 

0-04 

dol ivory 

+ 

... 

... 

3 

0-6 

8 

2-9 

... 

0-03 

0-01 

0 

3 

9-3 

O 

0-9 

3 

5-5 

0-05 

0-03 

0-03 


0 

5 

13-9 

... 


... 

... 

0-08 

... 

... 


+* 

3 

20-1 

... 

... 

... 

... 

0-15 

... 


38 days 









0-04 


boforo 

4- 

... 

... 

fostor2 

8-4 

... 

... 

... 

... 

delivery 

+ 

... 

... 

4 

12-2 

... 


... 

0-0G 

m 


• Nctcd In ttrnw. 


6-G per cent, and on a high calcium diet 5-7 per cent. Results expressed 
as percentage retained per g. of bone were 0-07 for rabbits on a low 
calcium diet with access to hay, (M5 for the rabbit with access to 
straw, and 0-03 for rabbits on a medium and a high calcium diet 
(table IV). 
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(ii) Injected 38 days before delivery. The mean retention in two 
rabbits, agod 5-0 months used as foster mothers, on a medium calcium 
diet and injected 38 days boforo delivery and lolled 9 days after delivery 
was 10-3 per cent, or 0-05 por cent, por g. of bone (table IV). 


(e) Suckling rabbits 

(i) Mother injected 7 days after delivery. Tho strontium retained 
by suckling rabbits on a low calcium diet with hay available varied 
considerably. In threo litters retention varied from 30-7 to 14-2 por 
cent.; it did not appear influenced by the size of tho litter ; the mean 
retention was 20-7 per cent, or 0-22 per cent, per g. of bone. In the 
one litter where the mother was nosted on straw tho percentage 
retention in the sucklings was 12-7 only, i.c. loss than that of rabbits 
nosted on hay. The percentage per g. of bone was 0-3 which, though 
greater than the mean retention when hay was given, is no greater 
than in one of the litters. On a medium calcium intake tho suckling 
rabbits retained 10-5 por cent, and on a high calcium intake 12-7 per 
cent, of tho injected strontium. Tho percentage retention per g. of 
bone was 0-10 per cent, on a medium calcium diet and 0-0!) per cent, 
on a high calcium diet (table V). 

Table V 

Retention of radioactive alronlium in suckled rabbits on different diets, 
when the mother was injected before or after delivery 


Time 

of injection 
of mother 

Carrier 

Percentage of Injected strontium retained 

In bones of Utter 

Percentage oflnjccted 
strontium retained 
per g. bone 

No. 

In litter 

Low 

calcium 

diet 

No. 

In litter 

Medium 

calcium 

diet 

No. 

in litter 

High 

calcium 

diet 

Low 

calcium 

ciet 

Medium 

calcium 

(Uct 

nipii 

calcium 

diet 

7 days after 

+ 

4 

30-7 

6 

16-0 

4 

16-G 

0-33 

0-11 

0*12 

delivery 

+ 



3 

7-2 

8 

9*3 


0*06 

0*05 


0 

3 

14-2 

2 

9-4 

3 

12*2 

0*16 

0-13 

0*10 


0 

5 

17-1 





0*17 




+* 

3 

12-8 

... 


... 


0-30 



38 days 











before 

+ 



o 

0-3C 




0*007 


delivery 

+ 



4 

0*15 




0-002 



* Nested in straw. 


(ii) Ladating foster mothers injected 38 days before delivery. Tho 
mean retention in the sucklings of two litters who were fostered on 
mothers injected 38 days before delivery and killed nine days after 
birth was 0-26 per cent, of that injected or 0-005 per cent, per v. of 
bone (table V). 
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Excretion o£ injected strontium in the milk 

(a) Mother injected 3S days before delivery 

The activity of a sample of milk withdrawn two to three days 
after delivery from two rabbits injected 38 days before delivery was 
so slight as to bo only just above background and no accurato estimate 
of the strontium content could bo made. The activity of the blood 
withdrawn from rabbits 50 days after injection was so low that 
calculation of tho strontium content was not justified. 

(b) Mother injected 2-10 days after delivery 

In rabbits numbers 235 and 257 the litters died before milking 
began. Tho other four rabbits wore rotumed to their litters from 
time to time. 

Tadlu VI 

Percentage of injected strontium in milk and blood of 
individual rabbits 


Time after 
injection 

Percentage of fnjnctcd ptrontlum per ml. of milk 

In inillvjtfunl rabbit* 

Percentage or Injected ftrontium 
per ml. of Wood 

235 

Kg| 

253 

232 

m 

2S4 

m 

234 

73 

S3 

5 minutes 





... 


0-17 




10 

... 

... 

... 

. • . 

0-0053 

... 

... 

o-ii 

o-io 

oio 

10 mins.-1 hr. 

... 

... 

... 

0-01G 

... 

0-0052 

... 

... 

... 

... 

1-2 hrs. 

0-02I r 

... 

... 

... 

0-035 

0-014 

0-0(4 ... 

0-0(5 

... 

... 

2-3 „ 

... 

... 

0-091'’ 

0-020 

0-007 

0-008 

0-039 

0-029 

0-058 

0-04i 

3-4 


•.. 

. . . 

... 

0-0S5 

0-047 

0-050 

0-025 

... 

... 


0 033 

0*4 l pppp 

... 

0-011 

0-0S5 

... 

0-014 

... 

0-0093 

0-01 

G-G „ 

, , „ 

... 

0-12 

0-008 

... 

0-059 


0-011 

... 

0-001 

0-7 „ 

O-OGOr 

0-30" 

... 

... 

. .. 

... 

0-0087 

... 

... 


7-8 „ 

„ . . 

... 

0-21 

... 

0-0S7 

. . . 

... 

... 

... 


8-9 „ 

. . • 

... 

... 

... 

0-080 

0-002 

0-0007 

U*00«57 

0-0007 


9-10 „ 


... 

... 

... 

... 

... 

... 

... 

... 


10-11 „ 

0-059 r 

... 


0-0G7 

. . , 

... 

... 

0-0029 

0-0059 


11-12 „ 




... 

0-077 

... 

0-0022 

... 

0-0050 


24 hrs. 

0 045'’ 

0-16 pp 

0-070 

0-004 

0-077 

0-030 

0-00005 

... 

0-0011 


30 

0-050 p 

0*13 Pt>pp 

0-057 

0-050 

... 

... 


... 

... 


48 „ 

0-010 p 

pppp 

0-034 

... 

... 

... 


... 

... 


54 „ 

0-022 p 

... 

... 

. . • 

0-057 

0-0087 


... 

... 


72 „ 

0-020", 

0-039"" 

... 

0-030 

... 

... 


... 



78 „ 



0-010 

... 

... 


... 



90 „ 

0-023" 



0-018 

... 

... 



... 


120 „ 

... 

... 

0-0057 


... 

... 


... 

... 

... 


r — 50 milli units posterior lobo of tho pituitary oxtrnct givon before milking. 
j Vo. 235. Milking stnrtod G days nftor delivery when iiltcr died. Machine used. 

No. 237. Milking started 10 days nftor dolivory. Machine used. Two suoklings loft. Bab 
died suddenly. 

No. 258. Milking started by hand 2 days nftor dolivory—3 sucldings. 

No. 232. Milking stnrtod by hand 3 days nftor dolivory—2 sucklings. 

No. 257. Milking stnrtod by hand 4 days nftor dolivory—sucldings died. 

No. 284. Milking stnrtod by hand 8 days nftor dolivory—1 suckling. 

Great difficulty was experienced in obtaining any milk with the 
machine ; injections of extract of posterior lobe of the pituitary were 
given to three rabbits. Hand milking proved far more satisfactory 
and after its introduction no further pituitary extract was needed. 
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A high percentage of the injected strontium appeared in the milk 
in rabbit number 237 (table VI; fig. 2) which rqcoived pituitary oxtraet, 
the maximum of 0-41 per cent, boing found 3-4 hours after injection. 
An esprotion of 0-21 per cent, was found in rabbit number 258 
7-8 hours after injection, a single dose only of pituitary extract having 
been given in this case. In the other 4 rabbits a much lower excretion 


Excretion of strontium in the milk or rabbits following 

INTRAVENOUS INJECTION 



TIME IN HOURS AFTER INJECTION 

Fig. 2.—The level of radioactive strontium in the milk following intravenous 
injection of a single dose. 


of strontium was noted, the peak occurring within 8 hours of injection. 
By the third day the level was never greater than 0-04 per cent, and 
by the fifth day had fallen to 0-0057 per cent. The percentage of 
strontium in the blood following injection fell rapidly both in lactatmg 
and non-lactating rabbits (fig. 3). Five minutes after injection 1 ml. 
of blood contained 0-17 per cent, of the injected dose, after one hour 
it had fallen to 0-04 per cent, and after 4 hours to 0-01 per cent. 
Twolve hours after the injection it was 0-002 per cent. 

J PATH. BACT.—VOL. LXIII ji 
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Excretion o£ injected strontium in the milk 

(a) Mother injected 38 days before delivery 

The activity of a sarapJe of milk withdrawn two to threfi days 
after delivery from two rabbits injected 38 days before delivery was 
so slight as to bo only just above background and no accurate estimate 
of the strontium content could be made. The activity of the blood 
withdrawn from rabbits 50 days after injection was so low that 
calculation of the strontium content was not justified. - 

(b) Mother injected 2-10 days after delivery 

In rabbits numbers 235 and 257 the litters died before milking 
began. Tho otlior four rabbits were returned to their litters from 
time to time. 

Taui.t; VI 

Percentage of injected strontium in milk and blood of 
individual rabbits 


Time nftcr 
Injection 

I’ereenlnRC of Injected strontium per ml. of milk 

In individual rabldt* 

PrrronlaKC of Injected ftrontlum 
l>or ml. of Mood 

£35 


25S 

m 

1 

£S4 

mm 

2S4 

73 

AS 

5 minutes 







0-17 




10 „ 

,,, 

... 

... 

... 

0-0053 


. . . 

oil 


o-io 

lOmins.-l hr. 


... 

... 

0-010 

... 

0-0052 


... 

... 

... 

1-2 hrs. 

0-02I p 


... 

... 

1 Ml 

0-014 

0-044 ... 

0-045 

... 

... 

2-3 „ 

•». 


0-091. 

0-020 

i 1 

0-0G8 

0-039 

Kioi wB 


0-045 

3-4 „ 

,,, 


... 

... 


0-047 

0-050 

■ini' 49 

... 

... 

4-5 „ 

0-033 

0-41.rr. 

... 

0-041 

I; 9 

... 

0-014 

... 


0-01 

5-0 „ 

• « • 


0-12 

o-oos 

... 

0-050 

... 


... 

o-oos 

0-7 „ 

0-0G0 p 

0-30. 

... 

... 

... 

... 

0-0087 

... 

... 

... 

7-3 „ 


... 

0-21 

... 

0-0S7 

».♦ 

, ,, 

... 

... 


8-9 „ 

... 

... 

... 

... 

0-080 

0-052 

0-0007 


giffTili?! 

... 

9-1D „ 


... 

... 

... 

... 

... 

... 

- 

... 

... 

10-11 

0-059 p 

... 

... 

0-007 

... 


... 

/i 

iiniijwij 


11-12 

... 

... 

... 

... 

0-077 


0-0022 


SJjMnjl 


24 hre. 

0-045* 

0-10.. 

0-070 

0-004 

0-077 

0-030 

0-00005 



... 

30 

o-onor 

0-13 p ... 

0-057 

0-050 


... 




... 

48 „ 

0-040. 

prrr 

0-034 

. . . 



... 



... 

54 „ 

0-022 p 

... 

... 

... 

0-057 

0-00S7 

... 



... 

72 

0-020. 

0-039" 


0-030 

... 


... 




78 

• » . 

... 

... 

0-019 

.. • 

... 

... 




90 „ 

0-023. 

... 


0-01S 

... 


... 




120 „ 

... 

... 

0*0057 

... 

... 

... 

... 

... 




* — 50 milli unitg posterior lobo of tho pituitary extract given boforo milking. 

No. 235. Milking started 5 dnys nftcr delivery when litter died. Machine usod. 

No. 237. Milking started 10 days nftcr delivery. Machtno used. Two sucklings left. Babl 
died suddenly. 

No. 258. Milking started by hand 2 dnys nftor delivery—3 sucklings. 

No. 232. Milking Btartcd by hand 3 days nftor delivery—2 sucklings. 

No. 257. Milking started by hand 4 days nftor delivery—sucklings died. 

No. 284. Milking started by hand 8 days nftor delivery—1 suckling. 

Great difficulty was experienced in obtaining any milli with the 
machine ; injections of extract of posterior lobe of the pituitary were 
given to three rabbits. Hand milldng proved far more satisfactory 
and after its introduction no further pituitary extract was needed. 
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(b) Rabbits injected 9 days before delivery 

In rabbits injected 9 daysboforo delivery, Y°° present from injection, 
9 days previously, can bo noglccted at the timo of doath. In the 
mother’s bones and in the foetuses, Sr 00 and Y°° wore very approxi¬ 
mately in equilibrium. 

(c) Rabbits injected 24 hours before delivery 

In rabbits injooted 24 hours boforo dolivory, Y 90 in tlio foetuses 
as well as in the mothers’ bones was vory approximately in equilibrium 
with Sr 90 . Decay curves done on two placontas showed a concentration 
of Y 90 greator than that of Sr 90 . 

(d) Laclaiing and Suchling rabbits 

The bones wero not in complote radioactive equilibrium when 
removed from tlio body. The differences observed wero, however, 
too slight to allow of accurato calculation of the yttrium content. 
The figures suggest that the percentage of yttrium present is approxi¬ 
mately the same as that of strontium. 

(e) Blood 

Samples of blood were not in radioactive equilibrium when 
withdrawn. It has not proved possible to calculate the yttrium 
content by tho decay curves method (Kidman el al.) ns A.E.R.E., 
Harwell has been unable to give figures for the relative proportion 
of Sr 89 and Sr 90 in tho particular solution used in this experiment. 
The maximum differences between the initial count and that obtained 
aftor 20 days whon equilibrium was established was not more than 
20-30 per cent. 

Discussion 

As in adults and weanlings the retention of strontium by pregnant 
and lactating rabbits and their offspring is affected by diet, being 
greater in a rabbit on a diet low in calcium than one high in calcium. 

Radioactive strontium passes through the placonta to the feetus 
in rabbits as it doe3 in mice (Finkel, 1947), and through the milk. 
Tho source of this strontium is probably twofold, (i) from tho strontium 
stored in the maternal bones, (ii) from the injected strontium circulating 
in the blood in the case of animals injected late in pregnancy or during 
lactation. 

The fact that tho moan retention in non-pregnant six-months-old 
rabbits on a medium calcium diet is 17-1 per cent, while that of 
pregnant rabbits is 12-7 per cent., suggests that some may pass from 
the bones to the foetus. Tho amount transferred from the maternal 
bones is, however, small. The mean figure for the strontium contont 
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of the bones of the mother on a medium calcium diet and injected 9 days 
before deliver tras 12-7 per cent, wlule the mean figure for the bones 
of mothers injected 3S days beforo delivery was approximately the 
same, 12-1 per cent. The mothers in the latter group had clearly lost 
little to their litters as is proved by analysis of the strontium content 
of the litters. In the case of mothers injected 9 days before delivery 
the litters’ content of strontium was 0-8 per cent, while in the litters 
of mothers injected 3S days beforo delivery it was 0-03 per cent. 
These figures suggest that pregnancy docs not lead to any dramatic 
mobilisation of strontium from the skeleton. Strontium given to the 
mother late in pregnancy passes to the foetus presumably from that 
circulating in tlio blood immediately following injection. There is a 
rapid fall from a lovol of approximately 17 per cent, per 100 ml. 
5 minutes aftor injection to 4*4 per cont., per 100 ml. at the end of 
1 hour and 0-1 per cont. per 100 ml. at 24 hours. Forty-four days 
after injoction the circulating blood eonlained only a traco of radio¬ 
active strontium which could not be measured accurately. 

The amount retained by the foetus is greater the later in pregnancy 
the injoction is given. The mean fignro for retention per foetus when 
tho mother was injected 9 days beforo dolivery was only 0-2 per cent, 
compared with 1-5 por cent, when injoction of the mother occurred 
24 hours boforo dolivory. Observations on the rabbit here again 
agree with those on the mouse (Finlcel). This is presumably associated 
with tho activity of calcification. Calcification is roeorded as being 
found on section of tho embryo on tho 16th day (Minot and Taylor, 
1905 ; Bramboll, 1949, personal communication). It is present as 
shown by X-ray examination 11 days boforo dolivory, i.e. on tho 
20th day : it is much more advanced 24 horn's boforo dolivery. It 
is not possible to detect it by X-ray technique on tho ISth da} 7 (fig. 4). 
It is not surprising thoroforo that if an injection is given 24 hours 
boforo dolivery the retention of strontium is greater than if it is given 
9 days boforo deliver} 7 . There is in fact actual concentration in foetal 
tissuo when the mothers are injected 24 hours before deliver} 7 (table III). 
Tho maximum concentration in the blood in this case corresponds 
with a higher domand on tho part of tho bones for minerals. In 
rabbits injected late in pregnancy it is probable that tho greater part 
of the strontium in the foetuses has come from the blood immediately 
following the injection, but some has possibly also beon drawn from 
the mothor’s bones since these contain less than thoso of virgin 
rabbits of approximately tho same ago and on the same diet. 

The numbers in tho present experiments are small but the retention 
in litter and mother together appears, with tho exception of tho high 
calcium group, to be rather loss than in tho non-pregnant animal. 
This is particularly noticeable in tho low calcium group, dithering 
slightly from the observations of Finkel on mice. She considered 
that the amount of Sr 89 retained immediately after delivery was the 
same as that retained by virgin adult mice at a comparable time 
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interval after injection. Sho suggested that a portion of tho material 
that would have been excretod was lost through tho placenta. The 
observations here suggest that some of the strontium that would have 
boon in tho mother’s bonos had passed to the litter through tho 
placonta. 

It may be objected that in many cases tho foetuses of mothers 
injected 24 hours beforo delivery had milk in their'stomachs and 
had therefore absorbed some of the strontium in their bones from tliis 
source. This is theoretical^ correct, though it is perhaps doubtful 
whether much could be gainod. Milk found in the foetal stomach had 
a maximum strontium content of 0-G per cont. and in one group the 
amount retained per foetus in two litters was not greator in the foetuses 
that had milk in the stomach than in the foetuses of one litter that had 
not. It appears reasonable to eoncludo that, irrespective of the stron¬ 
tium in the milk that was available to some litters, moro strontium was 
retained by the foetus when tho mother was injected late in pregnancy. 

Tho total amount retained per litter appears, in tho small number 
of results recorded, to bo affected by the size of the litter, being greater 
the bigger the littor. The amount retained per foetus is affected by 
tho diet of tho mother. The foetus of the mother on a low calcium 
diet retains six times as much as the foetus of the mother on a medium 
or high calcium diet when tho injection is given 9 days before dolivory 
and three times as much when the injection is given 24 hours before 
delivery. 

There is evidence that yttrium as well as strontium passes across 
the placenta. The fact that Y°° was approximately in equilibrium 
with Sr 00 in the bonos of foetuses whose mothors wore injected 24 hours 
before delivery shows that Y 90 must have passed through the placenta, 
since even assuming that all the Sr 50 in these fcetusos was deposited 
within an hour of injection only 50 per cent, of the equilibrium 
concentration could have been restored. There is no striking differential 
excretion of Y 90 since Sr 90 and Y" were in approximate equilibrium 
in all the foetuses examined : Y 90 was therefore as dangerous to these 
young animals as to the older animals already studied. 

It is not easy to interpret the effect of diet on retention of strontium 
in lactating rabbits and their offspring owing to the presence of 
factors which were not present in the animals previously studied. 
For instance, the lactating mothers and their sucklings on a low calcium 
diet had a sudden and uncontrolled additional source of calcium 
available from the hay of the nest during the period of lactation. 
Further the strontium found in the sucklings may have come in part 
from that injected into the blood stream and reaching the milk directly 
and in part from that subsequently liberated into the blood stream 
from the bones. Some of these complications might be analysed by 
further experiments designed for this purpose but it is doubtful 
whether the additional clarification would justify the labour involved. 

It is dear that retention of strontium by the suckling and lactating 
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rabbit is affected by tlio diet of the mother when the strontium is 
injected during lactation. The laetating rabbit on a low calcium diet 
and nested on straw which is poor in calcium retained twice as much 
as when nested on hay and five times as much as the rabbit on a high 
calcium intake. An increased retention in the low calcium sucklings 
per g. of bono was also apparent. Suckling rabbits as a whole retained 
considerably more than their mothors. This is remarkable when 
it is remombored that in the case of sucklings the strontium was 
absorbed from the alimentary canal. Absorption of strontium from 
the stomach and intestine is not so efficient as absorption from the 
blood stream though evidence about tho degree of intestinal efficiency 
is conflicting. Hamilton (1948) in early work with adult rats reports 
that 15 per cent, or less of orally administered radio-strontium was 
absorbed through tho gastro-intostinal tract. Later ho states that in 
rats 5-GO por cent, of tho dose administered by mouth is absorfaod 
without giving information about age and diet (Hamilton, 1947). 
Copp cl al. (1947) also report a high retention of tho order of 70 per 
cent, following oral administration to young rats on a low calcium diet. 
Scott ct al. (1947) on tho other hand state that in rats only about 
15 por cent, of orally administered radio-strontium is absorbed. Tho 
effect of ago of tho mother at tho time of lactation on retention in 
tho suckling was not investigated in detail—a few scattered observa¬ 
tions suggest that it was insignificant. Laetating mothors injocted 7 
days after delivery irrespective of thoir diets had a smaller retention 
in thoir bones than virgin rabbits. This was most noticeable in 
rabbits on a low calcium diot and may bo in part explained by the 
fact that laetating rabbits on such a diot had access to hay while their 
virgin controls had not. Tho rotontion of strontium in virgin rabbits 
on a low calcium intako givon accoss to hay for a comparable poriod 
was also much loss than in those which had no hay. Tho fact that 
the laetating mothors wore two months older than tho controls should 
not alono account for this difference. An 18-months-old rabbit 
retained more than an 8-months-old laetating rabbit. Tho virgin 
6-7-months-old rabbit on a medium calcium diot retained an avorago 
of 17-1 por cent, in its bones while the laetating 8-months-old rabbit, 
injoctod aftor delivery, retained an avorago of G - G por cent. (Kidman 
cl al.). This difference suggosts that strontium was to some small 
extent withdrawn from tho bonos into tho milk when the strontium 
was given aftor delivery, and had only recontly boon takon up by tho 
bono. On tho othor hand tho young of rabbits injected beforo 
pregnancy contain only tracos of strontium and fostered sucklings 
nursed by mothers injoctod before prognancy also contain little 
strontium, suggesting that strontium which has beon long in tho 
bono is mobilised slowly. Tho form in which strontium is present 
in the bone at different times following injection requires further study. 

It is difficult to compare the present figures for strontium excretion 
into the milk with those obtained by Erf and Pecher (1940) in cows. 
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The cows were completely stripped of milk at each milking and the 
total strontium excretion could therefore ho estimated. It was 
impossible to strip the rabbits at each milking and only one (no. 232) 
had a litter that survived the whole experiment. Tho results can 
only be given per ml. of milk and the milk expressed in any samplo 
may have been long in the mammary tissue. The shapo of tho curves 
of excretion of strontium in tho milk are variable, but in all thore 
appears to be a considerable flattening of the curvo after tho first day. 
The strontium in the later samples may have come from that secreted 
in the first few hours into tho milk which was then stored in the 
mammary tissue. It is noticoablo, however, that similar results wore 
obtained from the milk of rabbit no. 232 which rotainod her litter, 
and who may have been stripped, as from the milk of mothers whose 
litters died. In two animals there was an appreciable peak of excretion, 
in the other three this was much less noticeable. Tho two animals 
with a peak both recoivod pituitary extract, but a third animal 
(no. 235) who received largo doses of extract showed a low excretion. 
Owing to tho many variables present, too much stress should not 
bo laid upon the absolute values of excretion obtained. It can be 
concluded only that strontium is excreted into the milk following injec¬ 
tion into the blood stroam after delivery, a maximum excretion being 
reached within 8 hours. There is clearly a considerable risk of the 
passago of radioactive strontium to the offspring of lactating rabbits 
from the intake of a single dose by the mother during lactation. Tho 
risks of mobilisation and transmission of strontium laid down in small 
amounts in tho bonos before pregnancy are less, though tho effects 
of such chronic poisoning on fertility and survival of the litter cannot 
be overlooked (Finkol). 

Summary 

1. Experiments are described on the retention of strontium and 
yttrium in pregnant and lactating rabbits and their offspring. 

2. Radioactive strontium injected into the pregnant rabbit before 
delivery passes through the placenta to the litter, tho amount retained 
being related to the time of injection, tho diet of the mother and the 
size of the litter. 

3. The strontium in tho foetus is derived to a small extent from 
that stored in the maternal tissues. Pregnancy does not result in 
any dramatic mobilisation of strontium from the mother’s bones. 
If the mother is injected late in pregnancy appreciable amoimts of 
tho injected strontium circulating in the maternal blood are taken 
up by the actively calcifying foetal skeleton. 

4. The pregnant rabbit on a low calcium diet retains less than 
the virgin rabbit at a comparable period after injection. On a high 
calcium diet the difference is insignificant. 

5. The lactating rabbit retains slightly less strontium and Y 90 
produced by the decay of Sr 90 than the pregnant or virgin rabbit 
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of the same age and in the same diet group. The lactating rabbit 
on a low calcium intake retains approximately twice as much as the 
rabbits on a medium and high calcium diet. 

6. Strontium injected into the lactating rabbit passes through 
the milk to the suckling. Sucklings of mothers on a low calcium diet 
retain more than those on a high or medium calcium diet. 

7. Strontium stored in the hones before pregnancy is mobilised only 
in insignificant amounts during lactation. 

8. Tho peak of excretion of strontium in the milk following an 
intravenous injection occurs when tho level in the blood is low'. 

9. The retention of yttrium appears to he roughly proportional 
to that of strontium in pregnant and lactating rabbits and their 
offspring. 

"Wo should like to express our thanks to Professor J. H. Bum, whoso constant 
help and encouragement has made this work possiblo, and to many members 
of tho staff at A.E.R.E., Harwell. We nro also grateful to Dr Henry for tho 
use of her electric milking machine. One of us (J. V.) has an expenses grant from 
the Medical Research Council. Wo nro also indebted to tho Hematological 
Research Fund endowed by tho Nuffield Foundation. 
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A HISTOOHEMICAL AND BIOCHEMICAL STUDY OE 
SOME EFFECTS PRODUCED BY THE ROUS 
SARCOMA UPON THE ENDOCRINE ORGANS OF 
COCKS AND HENS 

D. B. Cater 

From the Department of Pathology, University of Cambridge 

(Plates XLHI-XLVI) 

The isolation from tlie urine of cancer patients of abnormal steroids 
(Butler and Marrian, 1937, 1938 ; Dobrinor et al., 1944) suggests the 
possibility that tumour tissue might produce by-products of a steroid 
nature which would affect the functions of the endocrine organs. 
The steroid-producing organs are easily influenced by injected steroids 
and show great physiological interdependence. It therefore appeared 
logical to examine them for changes in the tumour-bearing animals. 
Some work along these lines has already been done. Ball and Samuels 
(1938) found evidence of adrenal hypertrophy in tumour-bearing rats : 
this was prevented by hypophysectomy. Dalton and Peters (1944-45) 
found lipoid depletion of the adrenal cortex in mice with trans¬ 
plantable carcinomata, leukremia Y 103 and sarcomata. It was 
noted that in the case of the transplantable sarcomata, the loss of 
lipid from the adrenal showed no correlation with the degree of 
necrosis of the tumour, which suggested that the mere presence of a 
large mass of actively growing tumour tissue might be capable of 
stimulating the release of cortical lipids. This effect was more easily 
seen in male mice because thoy had less cortical lipid than the females. 
Dalton and Peters used several different tumours but concentrated 
their study upon only one endocrine organ. I have used only one 
tumour but have studied soveral of the sterol-producing organs in an 
attempt to get a more complete endocrine picture. 

The earliest experiments in the present investigation were made 
by transplanting tumours on to the chorio-allantois of embryo chicks, 
a technique which has the advantage that a number of different 
tumours, including those from different species, can be grown. Bous 
sarcoma, Jensen rat sarcoma and a seminoma from a human patient 
were all successfully grown. It was also argued that the chick embryo 
with its full complement of immature, labile and rapidly developing 
endocrine organs should form good biological material for steroid 
analysis. This material, however, suffers from two great disadvantages, 
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of the same age and in tho same diet group. The lactating rabbit 
on a low calcium intake retains approximately twice as much as the 
rabbits on a medium and high calcium diet. 

6. Strontium injected into the lactating rabbit passes through 
the milk to the suckling. Sucklings of mothers on a low calcium diet 
retain more than those on a high or medium calcium diet. 

7. Strontium stored in tho bones before pregnancy is mobilised only 
in insignificant amounts during lactation. 

8. Tho peak of oxcrotion of strontium in tho milk following an 
intravenous injection occurs when tho level in the blood is low. 

9. The retention of yttrium appears to bo roughly proportional 
to that of strontium in pregnant and lactating rabbits and their 
offspring. 

Wo should liko to express our thunlcs to Professor J. H. Burn, whoso constant 
help and oneourngemont has made this work possible, and to many members 
of the staff at A.E.R.E., Harwell. Wo nr a also grateful to Dr Henry for tho 
use of lior electric milking machine. Ono of us (J. V.) has nn exponses grant from 
tho Medical Research Council. Wo nro also indebted to tho Hrcmatologicnl 
Research Fund endowed by tho Nuffield Foundation. 
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feeding, etc. The birds came to autopsy 3 weeks after injection, when they had 
nearly always grown large tumours, but before marked signs of constitutional 
disturbance had set in. Wo wore anxious to avoid changes which might appear 
merely in moribund birds. 

The birds were killed by cervical dislocation and the ovaries, testes, adrenals 
and preen glands were removed immediately after death. Each organ was 
divided and one part placed in n test-tube coolod in a freezing mixture and 
then kopt in the —20° 0. refrigerator until it could bo analysed for nscorbic-Acid 
content. The other part was frozen on a pinto cooled with C0 2 snow and cut 
into slices 1-2 mm. thick which were placed in the following fixatives for histo- 
chemical examination. 

For ascorbic acid, the mothod of Barnet and Bourne (1941-42) was used. The 
tissues were fixed in 10 per cent, silver nitrate-10 per cent, acetic acid mixture 
for 3 hrs., washed in three changes of distilled wator (14 hrs.) and 5 por cent, 
sodium thiosulphate (14 hrs.). Chemically clean glassware ond analar reagents 
were used and the process was carried out in the dark. Tho material was 
dehydrated, cleared, embedded in paraffin, cut nt 5 fi and lightly countorstained 
with neutral rod. It was found that tlio longer time (3 lirs.) in silvor-acetic 
fixative gave fewer artefacts, silver tides, etc., than tho shorter half-hour period 
of fixation suggested in a personal communication by Dr G. Bourne. 

For lipids, the method of Dalton and Peters was used. Tho tissues were 
fixed in Champy’s fluid for 24 hrs., washed in running tap water for 24 hrs. 
and then placed in 2 per cent, osmic acid for 5 days at 38° C. Following 
embedding in paraffin, sections wore cut at 5 p and either mounted unstained 
or lightly counterstaincd with neutral red. 

For alkaline phosphatase, tho Goraori technique was used, keeping within 
tho time limits, etc., suggested by Danielli (1946). Tho tissues were fixed in 
80 per cent, ice-cold ethanol for 24 hrs. Tho sections were incubated in the 
substrate for 2, 6 and 24 hrs., and compared with controls incubated at pH 9 
without fi glycero-phosphate for identical periods of timo. Tissues from the 
tumour-bearing birds and from the controls were incubated back to back. 

For acid phosphatase, the Gomori technique (1941) was used. Tho tissues 
were fixed in ice-cold absolute acetone for 24 hrs. The sections wore incubated 
in an acetate buffer at pH 6 with a glycero-phosphate and lead nitrate for 
2, 6 and 24 hrs. and compared with the controls. 

For polysaccharide, the periodic acid-Schiff’s reagent (P.A.S.) method 
(McManus, 1948) was used. This stains tho 1, 2 glycol linkage (—CHOH— 
CHOH—) of carbohydrates and thus stains glycogen, mucus, reticulin, basement 
membranes, some kinds of elastic tissue, fibrin and various substances of quite 
unknown composition. The tissues were fixed in 80 per cent, alcohol. 

For the pituitary, tho method of Dawson and Friedgood (1938) was u£ed. 
The pituitaries were dissected out and fixed either in the silver-acetic mixture 
for ascorbic acid or in formol-saline-sublimato. Tho mothod makes use of 
azo-carmine, orange G and aniline blue, and it was found that it would distinguish 
acidophils and basophils even in pituitaries which had been fixed in silver-acetic. 
The appearance of tho cells and the overall intensity of staining differ with the 

extracts of the various tissues were carried out by means of 2 : G dichlorophenol 
indophenol titration. 

Results 

Biochemical estimation of ascorbic acid content 

Rig. 1 shows that tho ascorbic-acid content of the adrenals is 
very variable and that there is no significant difference between the 
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normal birds and the tumour-bearing coclcs or hens. There is no 
suggestion that the ascorbic-acid content of the testes is decreased 
in the tumour-bearing cocks in spite of the marked degenerative 
changes seen on histological examination. The small number of 



Fio. 1.—Biochemical estimation of ascorbic-acid content. 


results available, however, show no statistically significant increase. 
The ascorbic-acid content of the ovaries of the tumour-bearing birds 
shows a small but significant increase. In this case, however, there 
is little histological change from normal and certainly no marked 
degenerative changes such as are found in the testes. 

The value of the ascorbic-acid content of the preen glands varies 
between 16 and 49 mg./lOO g. wet weight (average 34-1) for normal 
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birds and between 7 and 35 mg. (averago 21-7) for tho Rous-infected 
cocks and lions. It was also noticod that the preen glands of tho 
tumour-bearing birds are considerably smaller than tho normal controls 
(PcO’OOl) and that tliis diminution in weight is greater than can bo 
accounted for by any loss of body-weight. It was noticed also that 
tho preen glands of the Rous birds contain more secretion than tho 
controls. A relative increaso in tho quantity of secretion to tho 
amount of gland parenchyma will lower the ascorbic-acid wet-weight 
figure, but if a gland is enlarged by secretion without diminution of 
glandular tissue tho product of the weight of the gland x ascorbic 
acid/100 g. wot weight will remain constant if tho secretion has a 
negligible ascorbie-acid contont. If ascorbic ncid had any relationship 
to gland function the total ascorbic-acid content of the whole organ 
per gram of body-woight might bo moro significant than tho concen¬ 
tration in the organ. 

Fig. 2 shows tho ascorbic acid in tho whole organ por gramme of 
body-weight for both tho preen gland and tho adronals. These two 
organs are in sharp contrast. In tho caso of the adrenals, fig. 2 shows 
less scatter than fig. 1. In the case of tho preen gland tho differences 
between the normal and tho Rous birds are moro markod. This 
indicates that in tho adronals tho larger glands tend to lmvo a lower 
concentration of ascorbic acid so that tho total adrona] ascorbio acid 
per grammo of wliolo bird tends to bo constant, with no significant 
difference botweon tho tumour-bearing birds and tho controls. In 
the preen gland thoro is either a loss of woight or a lower concentration 
of ascorbic acid or both in the Rous birds, which is a finding consistent 
with the marked degonorativo changes seen on histological examination. 

Ascorbic-acid content of the Rous sarcoma. Tumours usually give 
low values of ascorbic acid—3 or 4 mg./lOO g. wet weight. These 
low values may bo explained by tho largo quantity of extracellular 
ground substance which is such a characteristic feature of the Rous 
sarcoma. One small tumour, only 4-5 per cent, of body-weight and 
more cellular than usual, gave a valuo of 10 mg./lOO g. wet weight. 
Rous sarcoma cells grown on the chorio-allantois of tho duck embryo, 
and therefore free from muscle, gave 5 or G mg./lOO g. wet weight. 
These low values are interesting in comparison with the high values 
of ascorbio acid in most other malignant tumours. 

Nalced-eye appearance of tumour. The larger Rous tumours of the 
series showed the typical gelatinous consistency. The centre had 
usually broken down to form a cyst which rvas filled with luemorrhagio 
fluid and lined by fungating masses of growth. Every bird in which 
the tumour was at all extensive showed wide-spread subcutaneous 
gelatinous exudate, usually bright green in colour. Small tumours 
showed a firmer, whiter and less gelatinous structure. 

Metastatic deposits. Metastases visible to the naked eye wore 
infrequent. One bird showed multiple deposits in tho liver ; three 
showed metastatic deposits in the preen gland. This is interesting 
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because the ovaries, testes and adrenal glands were also submitted 
to close histological scrutiny without finding any secondary deposits. 
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Recently, two more birds with secondary deposits in the preen glanc 
have been found among four birds used for class work. 

Rous sarcoma: histology and histochemistry 

Ascorbic acid. Silver-reacting granules, indicating ascorbic acid ir 
the histochemical technique used, are very scanty in the Rous sarcoma, 
This is in keeping with the low ascorbic-acid content found on bio¬ 
chemical analysis. Most of the Rous sarcoma cells are free from 
silver-reacting granules, an occasional cell shows a fine granule in 
the cytoplasm adjacent to the nucleus and in some preparations a 
few groups of cells are found with several silver-reacting granules. 
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Fig 3 —Secondary deposit of Rous sarcoma (right) m liver (left) Gomon technique 
for acid phosplmtnso , 24 lirs incubation E\trncellulnr matn\ and cy toplasm 
of Rous sarcoma cells arc unstained and the nuclei stain only moderately In 
contrast, tlic nuclei of the liver cells stain strongly and tho nuclei nnd cytoplasm 
of tho luipfier cells v cry strongly X Do 



Rio 4 —Secondary deposit of Rous sar Fig r t —Secondary deposit m preen gland 
coma in liver A zone of nctn e mitosis showing PAS positive gianules m the 
showing lipoid deposits Osmie acid Rous sarcoma cells y400 
and neutral red x400 
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Alkaline phosphatase. With the possible exception of the nucleoli, 
the Rous sarcoma shows no staining for alkaline phosphatase even 
aftor 24 hrs.’ incubation. It is interesting to find this combination 
of low ascorbic-acid contont and absonco of extracellular alkaline 
phosphatase in a tumour which makes much hyaluronic acid but no 
collagen. 

Acid, phosphatase. The nucloar chromatin of the sarcoma cells 
gives a positive reaction for acid phosphatase after 24 hrs.’ incubation 
but tho cytoplasm and the oxtracollular matrix aro free. The cells 
lining tho capillaries in the tumour stain positively. 

A study of tho secondary deposits of tho Rous sarcoma in tho 
liver and preen gland is instructive. With the naked eye the tumour 
can be seen as a pale zone against tho darkly staining background of 
the liver and proon gland. Some idea of intensity of phosphatase 
activity can be gained by comparing sections incubated for 2, 0 and 
24 hrs. Intense phosphatase activity would bo indicated by complete 
blackening within 2 hrs., whereas a low degree of activity would 
give perceptible staining only aftor 24 hrs.’ incubation. 

The results from the secondary doposits of Rous sarcoma in the 
liver (fig. 3) are shown in the table. Similar results were givon by the 
primary tumours and by the secondary deposits in tho preen gland. 


Table 

Acid-phosphatase activity of liver and Rous sarcoma 



Period of lncuhatlon 


2 hrs 

0 lire 

24 hrs 

Liver 

Liver-cell nuclei .... 


i 

++ 

Liver-cell cytoplasm 

— 


4- 

Kupffer cells ..... 


+ 4 

++++ 

ROUS SARCOMA. 




Cytoplasm and matrix 

— 

— 

— 

Tumour-cell nuclei .... 

— 

— 


Chromatin of cells in mitosis 

— 

— 

+ 4 

Polymorphonuclear leucocytes . 



++ 


Lipid. Many Rous sarcoma cells show no lipoid droplets stainable 
with osmic acid after 4 dayH’ incubation, but groups of cells can be 
found which contain collections of fine or coarse lipoid droplets. At 
first these were regarded as degenerative changes but further study 
showed that lipoid droplets occurred in actively growing parts of the 
tumour. Fig. 4, from a secondary in the liver, shows 3 mitotic figures, 
and two of these dividing cells each possess a dark granule while 
several other cells in the field show considerable collections of lipid. 
Other parts of tho same tumour present typical spindle cells containing 
rows of black droplots. 
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Polysaccharide,. With the P.A.S. staining technique the extra¬ 
cellular matrix of the tumour stains diffusely or with fine bands. 
Some groups of tumour cells contain collections of brightly staining 
granules of polysaccharide in their cytoplasm. Fig. 5, for example, 
shows actively growing colls from a metastatic deposit in the preen 
gland, and there is no suggestion that these cells are in an}*- way de¬ 
generate. Are these cytoplasmic granules of polysaccharide glycogen ? 
To answer tills question, a careful study was made of the secondary 
deposits in the liver. Incubation with salivary amylase for \ and 
I hr. removed the glycogen granules from the liver cells but the number 
of P.A.S.-positve granules in the Rous sarcoma was comparable with 
those in control sections incubated for similar periods in boiled saliva. 
Whether these polysaccharide granules have any relationship with 
the lipoid droplets or whether they represent the precursor in the 
cells of the extracellular matrix can only be answered by further 
investigation. 

Tcslcs : histology and histochemistry 

The testes in the tumour-bearing cocks showed marked degenerative 
changes. Tney were smaller than in the two normal controls, and 
yellow instead of white. 

Figs. C and 7 show the striking histological differences between 
the testis from a tumour-bearing cock and an immature testis of the 
same order of sizo from a normal cock. The tostis cords of the normal 
bird show three or four layers of cells and a very narrow lumen. In 
the tumour bird the cords are changed into wide tubides, lined in 
places by only a single layer of cells and containing plugs of des¬ 
quamated cells lying free in the enlarged lumen. These free cells 
have deeply-staining pyknotic nuclei and the basement membrane 
of the tubules is thickened, a feature winch is shown best in sections 
stained with P.A.S. 

With silver-acotic acid fixation silver-reacting granules are well 
marked in these degenerate tubules in the coll borders next to the 
lumen (c/. figs. 8 and 9). Osmic acid stains lipoid droplots in the same 
situation (fig. 10). 

With P.A.S. staining many fine granules of polysaccharide are 
seen in this situation and the dosquamated cells aro also P.A.S. 
positive, showing a ring of intensely staining granules surrounding 
the nucleus. These remain unaltered oven after incubation with 
salivary amylase for 2 hrs. (fig. 11). 

The interstitial cells of the testes are significantly more numerous 
in the tumour-bearing cocks but this may be tho result of retardation 
of development. They do not appear to stain so well, either for lipid 
or for ascorbic acid, in the Rous-infected birds as in the controls. 

Phosphatases in the testes. The testes give a positive reaction for 
both acid and alkaline phosphatase but the distribution of each is 
characteristic and different. Alkaline phosphatase is weakly positive 
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in the nuclei of tho cords of the testis after 24 hrs.’ incubation, but 
the basement membranes and tho cells of tho stroma aro strongly 
positive and aro alread}' stained aftor only 2 hrs.’ incubation. Acid 
phosphatase stains tho nuclei of tho spermatic cords strongly and tho 
chromatin network is clearly depicted after 6 hrs.’ incubation. The 
nuclei of the spindlo colls surrounding tho tubules and the cytoplasm 
and nucloi of tho interstitial colls aro also stained, but less strongly. 
Thus the heaviest staining for alkaline phosphatase is shown by tho 
basement membrane and by tho stroma, while the highest acid- 
phosphatase activity is in tho colls of the testicular cords. 

Having regard to tho well-known vagaries of these techniques and 
the small number of animals examined, it is not possible at present 
to be sure of any differences between the normal and the tumour- 
bearing animals. 


Ovaries: histology and histochemistry 

The ovaries were examined with reference to the ova and the 
follicular cells which surround them, the spindlo cells of the stroma 
and the strands of colls filled with lipid in the stroma which resemble 
the luteal cells of tho mammalian ovary. 

In sharp contrast with the testes, tho ovaries show little change 
in tho tumour-bearing hens. Tho strands of lipoid-laden “ luteal ” 
colls are usually more obvious and more numerous in tho tumour¬ 
bearing birds, and tho follicular colls, judging by tho silver-reacting 
granules in thoir cytoplasm, contain rather more ascorbic acid. The 
spindle cells of the stroma show strong alkaline phosphatase activity 
in their nuclei and some in thoir cytoplasm ; tho nucloi of the lutoal 
cells are also moderatoly well stained, the follicular-cell nuclei only 
weakly after 24 hrs.’ incubation. On tho other hand tho yolk of the 
ova stains weakly and both nuclei and cytoplasm of the follicular 
cells stain more strongly for acid phosphatase. 

No marked or consistent differences are noted between the Rous- 
infected and the control hens. With osmic acid drops of lipid are 
seen in tho follicular cells, and the luteal cells either have a number 
of black droplets or tho whole cytoplasm of the coll stains with a 
fine black “ filigree ” pattern. 

The P.A.S. technique clearly demonstrates tho connective tissue 
stroma of tho ovary but also stains the yolk of the ova a faint pink 
and gives a rather stronger diffuse red zone in the juxtanuclear cyto¬ 
plasm of the follicular cells. 


Adrenals 

The anatomical arrangement of the adrenals in fowls differs from 
that in mammals. The cortical and medullary cells are not separated 
into two clearly defined anatomical zones, the organ consisting of 
strands of cortical cells intermingled with strands of medullary cells. 
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The ascorbic-acid staining technique demonstrates these two types 
of tissue very clearly. The cortical cells show a few very heavy cyto¬ 
plasmic silver-reacting granules, while the medullary cells have 
numerous but much finer granules uniformly scattered throughout 
the cytoplasm and tending to obscure the nucleus. The cytoplasm 
of the medullary cells tends to stain blue with hematoxylin. Frozen 
sections stained with Scharlach R show the cortical cells packed with 
lipoid droplets but sections stained with osmic acid present only a 
few fine black droplets in the cytoplasm. 

The adrenal medullary cells stain wealdy for alkaline phosphatase. 
Both nuclei and cytoplasm of the medullary cells stain fairly strongly 
for acid phosphatase, while the nuclei and cytoplasm of the cortical 
cells stain less strongly. 

Comparison of the histological findings in the tumour-bearing and 
control birds reflects the haphazard nature of the biochemical results 
obtained for the adrenal. Sometimes the cortical colls are in broader 
bands in the tumour-bearing than in the control animals. This is 
difficult to prove by measurement because of normal variations and 
errors of sampling. In the birds with the larger tumours the cells 
of the cortical strands appear swollen and show signs of cytoplasmic 
degeneration. There is also a suggestion that the medullar}' strands 
are thinned, possibly by pressure. In tun birds which were killed 
in a moribund condition (one in this series and ono a bird used for 
passage), a surprising feature was the number of mitotic figures, 
suggesting damage of cortical cells, with attempted regeneration. 

The osmic-acid sections were not satisfactory, as the tissues are 
apt to disintegrate or to stain unevenly. Wo could neither confirm 
nor denj^, for Rous sarcoma in fowls, the lipoid depletion of the 
adrenals described by Dalton and Peters in tumour-bearing mice. 


Preen gland 

A more detailed account of the anatomy, histochemistry and 
biochemistry of the preen gland (glandula uropygialis) is given else¬ 
where (Cater and Lawrie, 1950) but a brief note is necessary here for 
clarity. It is a bilobed gland, 1-1’5 cm. in length and breadth, situated 
just above the tail. Each lobe has a thick putty-coloured wall of 
radially arranged glandular tubules which discharge their secretion 
into the central cavity of the lobe. This secretion is a yellow oil 
which is discharged by a muscular duct on to the surface of a nipple- 
like process. Histochemical methods clearly demonstrate two zones 
in each lobe, (a) a peripheral zone, winch, because it resembles closely 
the sebaceous glands of man, will be called the sebaceous zone, and 
(b) a central zone bordering the central cavity of the lobe. Certain 
cells in this zone contain glycogen and this has therefore been called 
the glycogen zone. 

Preen gland: sebaceous zone. Fig. 12 shows a transverse section 
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across a tubulo in tlie sebacoous zone. The outer layer of cells in 
each tubule, lying against the connective tissue septa, are young 
dividing cells which stain deeply with hrematoxylin and show fine 
black droplets of lipid with osmic acid. Inside this regenerating 
layer are situated several layers of polygonal cells, with foam-like 
oytoplasm due to lipoid droplets. Only the margins of those droplets 
stain with osmic acid, giving a fine filigree pattern. These typical 
sebaceous cells break down near the narrow lumen of the tubule to 
form the secretion, which stains intensely black for acid phosphatase 
after only 2 hrs.’ incubation. The cells of the sebaceous zone do not 
stain for polysaccharide or for acid phosphatase except after 24 hrs. 
incubation, when the nuclei may be stained. 

Preen gland: glycogen zone. A section across the tubule in this 
part of the gland shows quito a different appearance, The cells stain 
more deeply with hematoxylin and eosin and contain granules in 
their cytoplasm. The peripheral cells lying against the supporting 
connective tissue septa show brilliant red granules when Btained with 
P.A.S. These granules have been shown by moans of Best’s carmine 
stain and by salivary amylase tests to bo glycogen. These cells, as 
well as others tying nearer the lumen of the tubulo, contain many 
granules which stain strongly positive for acid phosphatase after 
2 hrs.’ incubation, and after 24 hrs. the genoral blackening is such 
that all histological detail is obscured. 

Osmic-acid staining shows the cells bordoring the lumen of the 
tubule to be full of black droplets of lipid, in sharp contrast to the 
filigree pattern of the sebaceous zone. 

The lumina of tho tubules in the glycogen zone are wider than 
those of the sebaceous zone and contain secretion which stains intensely 
for acid phosphatase. 

Changes in the preen gland of birds vnth Sous sarcoma. Early in 
the experiments it was noted that the preen gland of birds with Rous 
sarcoma is smaller, contains relatively more secretion and is usually 
a deeper yellow colour than that of the controls. This overall reduction 
in size of the preen gland in the tumour-bearing birds was subsequently 
shown to be statistically significant. 

When the preen glands from the tumour-bearing birds were cut 
open they were found to contain more secretion than the controls, 
so that the secreting part of the gland was considerably thinned and 
was also yellower in colour. 

Examination of sections stained with hssmatoxylin and eosin 
shows degeneration of the tubules of the tumour-bearing birds. The 
lumen of the tubules is widened, not only in the glycogen zone but 
also in the sebaceous zone. The secretion forms eosinophil masses, 
even in the most peripheral parts of the tubules lying against the 
capsule of the lobe. This increase of secretion in the. tubular 
lumen is even more clearly seen in the sections stained with 
P.A.S., which stains the secretion red, and in sections stained 
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tho pituitaries of tho tumour-bearing hens. Three tumour-bearing 
cooks gave 55, 67-5 and 58-5 (mean 57) per cent, acidophils and three 
normal control codes, 30, 33'7 and 41 (mean 34-7) per cent, (t 1 '85 
and P 0-12) suggestivo of an inereaso but the numbers aro too few 
for the result to be significant. 

Basophil cells were not numerous or prominent in either control 
or tumour-bearing birds. It is possiblo that the staining method 
employed is not the best for demonstrating basophils in the hen 
pituitary. However, colls with definitely blue granules were seen 
in which the granules wero largor in size in tho Rous-boaring cocks 
and hens. With P.A.S. these largo basophil granules give a positive 
reaction for polysaccharide. 

Discussion 

Bayne (1940), in a paper on tho cellular pieturo of the antorior 
pituitary of normal fowls from the embryo to old ago, describes an 
increase of the large basophils in tho hen between 85 and 115 clays. 
He also indicates that acidophil cells A 1 and A 2 are moro numerous 
in the hen than in the cock and that they aro increased by injections 
of oestrogen. Changes due to ageing aro described at any time after 
65 days, such as fusion of tho granular mitochrondria of the basophils 
which turn into rod vacuoles, acinar formation around colloid and the 
presence of pigment granules. This might Buggcst that tho larger 
granules in tho basophils of tho tumour-bearing birds and the more 
obvious acinar formation around colloid were degenerative changes. 
Pearse (1949), on the other hand, suggests that the P.A.S.-positive 
material in tho basopliils and pools of colloid is gonadotropic hormone. 

Guyer and Claus (1933) report that subcutaneous explants of the 
Plexner and Jobling carcinoma in rats cause a marked increase in 
the number of basophil cells in the anterior lobe of tho hypophysis, 
similar to that which follows castration. 

Apart from the changes in the pituitary there are the following 
definite findings :— (a) The testicular degeneration, with desquamation 
of cells into the lumen of the tubule. (6) In sharp contrast, the com¬ 
paratively slight histological changes in the ovary, except for a 
suggestion of an increase in the luteal cells, (c) Increased secretion 
in the preen gland with signs of degeneration of the sebaceous zone 
and diminution in the size of the organ. (<Z) Some evidence that the 
cortical cells of the adrenal undergo cytoplasmic degeneration in 
birds with large tumours. 

Have these findings any significance ? Are they due to the products 
of tumour degeneration or do they represent merely non-specific 
effects such as might be found in a number of different diseases ? 
These questions are not easily answered. To prove that these changes 
do not occur in any other disease would require prolonged investigation ; 
to find that they do occur under other conditions might still not 
preclude a possible significance in the pathology of the Rous sarcoma. 
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The first step was to search the literature for information on ovarian 
and testicular changes in diseases of fowls. 

In Lesbouyries’ monumental work “ La pathologie des oiseaux ” 
(1941), changes in the testes are described in a number of diseases, 
including avian tuberculosis (p. 463), Brucella abortus infection 
(pp. 404 and 406), plague (p. 263) and pseudopestis (p. 264), and the 
Salmonella infections (p. 369), but since in all these the ovaries are 
also affected, they can be ruled out of the discussion. 

Lesbouyries’ chapters on endocrine and deficiency diseases suggest 
certain causes for testicular degeneration. He quotes (p. 30) Parhon 
and Cahane as describing testicular atrophy following thymectomy 
in a duck, and draws attention (p. 84) to the importance of 
manganese salts in birds as necessary for the attainment of sexual 
maturity. Tsuji and also Bierry are quoted (pp. 47 and 48) as describing 
testicular atrophy and a hyperplastic reaction of the interstitial gland, 
but especially degeneration of the seminiferous tubules, in avitaminosis 
B x , and Osborne and Mendel (p. 63) as describing faulty development 
of the testicle, with atrophy, loss of weight and a change to a deeper 
colour after a period of vitamin-E deficiency. In these circumstances 
the germinal epithelium undergoes progressive desquamation and 
after 4 months there is no trace of the germinal cells—nothing is 
left of the seminiferous tubules except the syncitium of Sertoli. This 
description would fit quite well the histological appearance of the 
testes of the cocks with Rous saTcoma. Adamstone (1931) showed 
that avitaminosis E affected the embryo, causing vascular degeneration 
and a cellular reaction of the mesoderm which brought about death— 
“ the lethal ring 

Dam (1944) by feeding chickens on vitamin-E deficient diets was 
able to produce either an exudative diathesis or encephalomalacia, 
depending upon the quantities of protein, salts and unsaturated fatty 
acids in the diet. One of the striking features of the birds with large 
Rous tumours is the striking subcutaneous oedema, usually stained 
deep green, and Dam describes green colouration of the subcutaneous 
exudates in the E-deficient chicks. He was able to prevent the 
exudative diathesis by giving ascorbic acid with the vitamin-E- 
doficient diet, suggesting at least some relationship between the 
metabolism of vitamin C and vitamin E. 

The suggestion that the Rous sarcoma produces a deficiency of 
vitamin E in the tumour-bearing birds offers a possible explanation 
of certain of the findings here reported. It would explain the marked 
testicular degeneration and the comparative lack of ovarian change. 
It would offer an alternative explanation of the green subcutaneous 
cedema, which we have hitherto regarded as the spreading margin of 
the tumour. On a much more tentative plane, it is not incompatible 
with irregularities of the vitamin-C content of the organs. That 
avitaminosis E should affect the preen gland, which has such intense 
acid phosphatase activity, is also within the realm of possibility. 
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That avitaminosis E might render birds more susceptible to the 
tumour viruses and that adequate supplies of vitamin E might have 
a preventive or curative effect raise interesting speculations. It 
has long been known that the resistance of fowls to Rous sarcoma 
sometimes shows marked variations for which it is not always possible 
to find a satisfactory explanation. 

Experiments to test these possibilities aTe in progress and have 
given interesting results. Further histocbemieal investigation of the 
preen gland has also been undertaken in the hope that it might throw 
some light upon the synthesis of lipids or steroids, Hou having shown 
that the preen gland produces pro-vitamin D in birds. In addition a 
fuller understanding of the normal physiology of this organ is necessary 
before the changes produced in it by the Rous sarcoma can be 
understood. 

Summary 

The changes occurring in the testes, ovaries, adrenals, preen gland 
and pituitary of 3-5 months old cocks and hens bearing Rous sarcoma 
were investigated by biochemical analysis for ascorbic acid and by 
histochemical methods for ascorbic acid, lipid, polysaccharide, and 
acid and alkaline phosphtase. 

1. Biochemical analysis shows a significant decrease in the ascorbic- 
acid content of the preen gland of birds with Rous sarcoma. There 
is a slight but significant increase in the ascorbic-acid content of the 
ovaries of the tumour-bearing birds. The adrenals show no significant 
change. 

2. The Rous sarcoma gives the low value of 3-10 mg./lOO g. wet 
weight for ascorbic acid. The matrix is free from alkaline phosphatase 
but stains for polysaccharide. Some of the tumour cells show cyto¬ 
plasmic droplets of lipid and cells are also seen with inclusions staining 
for polysaccharide. The nuclear chromatin of cells in mitosis stains 
wefi for acid phosphatase ; the nuclei of other cells stain weakly. 

3. The tumour-bearing cocks show marked degeneration of the 
spermatic cords of the testes, with thickening of the basement 
membrane and desquamation of the germinal cells into the lumen 
of the tubules. 

4. The ovaries of the tumour-bearing hens show little change 
except for some increase of the lipid-containing ceEs of the stroma. 

5. The ceUs of the spermatic cords are rich in acid phosphatase 
and the basement membranes and stroma have high alkaline phos¬ 
phatase activity. In the ovaries the follicular cells 6tain moderately 
weU for acid phosphatase, while tho cells of the stroma stain strongly 
for alkaline phosphatase. 

6. The changes in the preen gland in the birds bearing the Rous 
sarcoma suggest overactivity leading to degeneration. 

7. The preen glands are very rich in acid phosphatase. 

8. The anterior lobe of the pituitary of Rous sarcoma-bearing 
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OBSERVATIONS ON RESISTANCE OF 
BACTERIUM COLI TO GLYCINE 

J. Gordon, R. A. Hall and L. H. Stiokland 
From the SeJiool of Medicine, Leeds 

Lysis of normal organisms by glycine was demonstrated by Maculla 
and Cowles (1948). Gordon, Hall and Sticldand (1949) observed that 
organisms adapted to growth in high concentrations of glycine showed 
increased power of resisting lysis by glycine. The resistant and 
normal organisms were subcultured on to heated blood agar and then 
to flasks of broth. Washed suspensions of these organisms were 
treated with glycine solution at 37° C. and centrifuged, and the 
protein-nitrogen in the supernatant fluid was determined by micro- 
Kjeldakl. 

With organisms grown in this way in peptone broth, there is 
some danger of reversion, and the suspension may consist in part, 
and to an unknown extent, of cells no longer resistant to glycine. 
Such cells would bo expected to be lysed by glycine, and the figures 
in our previous paper bear this out, showing in some cases a degree 
of lysis of the resistant suspension. More complete resistance to lysis 
might be expected if suspensions were used of cells actually grown in 
a medium containing glycine, and experiments of this type have now 
been carried out. 


Material and methods 

Five strains of Bad. coli were used, two (strains 1 and 4) which had become 
accustomed to grow in 0 per cent, glycine and tliree (strains A, B and D) which 
had been accustomed to grow in 4 per cent, glycine. The original strains of 
these organisms were grown in broth, and the resistant strains in broth con¬ 
taining glycine at the concentration to which they had become adapted. Both 
sets were incubated for 24 hours at 37° C. The resistant strains were inoculated 
direct into glycine broth and their growth was usually not as good as that of 
the normal strains. 

The lysis of the bacteria was carried out as described in our previous paper. 
The cells were centrifuged and washed once with distilled water, and finally 
suspended in 10-20 times their volume of distilled water. 1*0 ml. of this suspen¬ 
sion was measured into each of a number of tubes, and treated with 1-0 ml. 
of water or of an appropriate solution of the substance under test. The con¬ 
centrations of the various substances given in the table3 are those of the final 
mixture. The tubes were incubated at 37° C. for 16 hours, the bacteria removed 
by sharp centrifugation, and the clear or opalescent supernatant fluid treated 
with 0-5 ml. of 26 per cent, (w/v) trichloracetic acid solution. The protein 
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precipitate was centrifuged out, washed once with 6 per cent, trichloracetic acid, 
and the amount of protein determined colorimetrically by the method of 
Robinson and Hogden (1940). 


Results 

Glycine. The amount of lysis is given in terms of the amount of 
protein found in the supernatant fluid, expressed as a percentage of 
the protein content of the original bacterial suspension, as determined 
by the method of Sticldand (1951). Table I shows that the net lysis 


Table I 

Lysis (per cent.) * by glycine, of normal strains of Bact. coli grown in 
broth, and of glycine-resistant strains grown in glycine broth 


Strain 

Glycine 
con centra' 
tion used 
for lysis 
(per cent.) 

Normal strains 

Resistant strains 

Autolysls 

Lysis In the 
presence of 
glycine 

Net lvsls 
tine to 
glycine 

Autolysls 

Lysis in the 
presence of 
glycine 


A 

4 

1 

24 

23 

38 

35 

0 

D 

4 

2 

47 

45 

20 

34 

5 

B 

4 

0 

12 

12 

15 

14 

0 

D 

4 

0 

13 

13 

18 

19 

1 

1 

G 

2 

20 

18 

G8 

07 

0 

4 

G 

2 

22 

20 

06 

72 

G 

4 

6 

0 

28 

28 

4 

0 

0 

D 

4 

2 

... .. 

34 

32 

23 

29 

G 


Averago 

1 

... 

24 

32 

... 



Suspensions of organisms were incubated overnight at 37° in water (autolysis) 
or in glycine solution. 

* In all tables the degree or lysis Is the amount of protein in t-lio supernatant fluid expressed as a 
percentage of the protein content of the original bactcrlnl suspension. 

produced by glycine in the suspensions of resistant organisms is very 
small, as compared with that found with the normal strains, and 
even less than that observed with the method used in our previous 
paper, i.e. with cells grown in broth not containing glycine. A note¬ 
worthy feature is the high degree of autolysis, i.e. lysis in distilled 
water alone, found with suspensions prepared from cultures of resistant 
strains when grown in glycine-containing media. 

The question of the specificity of this resistance to lysis by glycine 
is obviously important. It was studied by observing the effect of 
other lytic agents on normal and resistant organisms. We studied 
the lysis produced by normal serum (Gordon and Hall, 1950),by sodium 
deoxycholate, and by an amino-acid closely related to glycine, viz. 
DL-alanine. Saponin and fixanol C, a synthetic detergent, were also 
tried but discontinued owing to technical difficulties. 

Sodium deoxycholate. The method used to observe the degree of 
lysis by deoxycholate was the same as for lysis by glycine, the con¬ 
centration of deoxycholate hi the incubated mixture being 1 per cent. 
It was found that deoxycholate did not interfere with the precipitation 
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of the protein by trichloracetic acid, nor with the determination of 
the protein by the biuret method. The results in table II indicate 
that the glycine-resistant were rather more susceptible than the normal 
organisms to lysis by deoxycholate. 

Table II 


Lysis {per cent.) of normal and glycine-resistant strains by 
sodium deoxycholate (1 per cent.) 


Strain 

Lysis of normal strains 

Lysis of resistant strains 

Autolysis 

Lysis 

Net lysis 

Aotolysb 

Lysis 

Uct lysis 

l 


38 

35 

20 

92 

72 

4 


30 

29 

7 

93 

80 

i 


13 

11 

4 

3G 

32 

4 


11 


5 

37 

32 

1 


31 

27 

2 

61 

49 

1 

2 

22 

20 

12 

69 

47 

A 

1 

or, 

24 

4 

48 

44 

B 

3 

24 

21 

11 

28 

17 

D 

o 

31 

29 

4 

40 

30 

4 

0 

22 

22 

3 

34 

31 

A 

0 

23 

23 

0 

60 

50 

Average 



23 

... 


46 


Suspensions of organisms were incubated overnight at 37° in a 1 per cent, solution 
of sodium dooxycholate. The above figures for “ lysis ” have been corrected for 
“ autolysis ”, f.c. the lysis on incubation in distilled water. 

The medium used for tho growth of the above suspensions was peptone broth. 
Similar results were obtained with suspensions grown on glycine-containing broth. 

A further experiment was done to observe the effect of sodium 
deoxycholate on normal and resistant strains, by incorporating this 
substance in peptono agar in varying dilutions, and observing the 
growth on tho surface of such a medium. Bacterial suspensions were 
made of strains 1 and 4 in peptone water and loopfuls inoculated, 
the plates being incubated at 37°. After 24 hours the amount of 
growth was observed. The results (table III) indicate that sodium 
deoxycholate in this medium has a marked inhibitory effect on the 
growth of glycine-resistant strains, an effect which was much less 
marked on peptone-broth agar than on peptone agar. 

Serum. A slight action of serum as a lytic agent on JBact. coli is 
well known, and it is of interest in this connection to mention that 
organisms adapted to high concentrations of glycine and subcultured 
in such high concentrations over many months became extremely 
sensitive to the lytic action of normal serum, whereas the ordinary 
strains of Bad, coli are only slightly sensitive. Bor example, with the 
resistant strains, 0-05 c.c. of a suspension containing 1500 milli on 
organisms per c.c. was almost completely inhibited by 0-1 c.e. of 
normal rabbit serum ; whereas with the original strains 0-05 e.o. of a 
suspension of 100 million organisms per c.c. added to 0-1 c.e. of normal 
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THE BETA-TOXIN (DEOXYRIBONUCLEASE) 

OE CL. SEPTICUM 

G. Harriet W arrack, Ethel Bidwell and C. L. Oakley 

From the Wellcome Research Laboratories, Biological Division, 
Beckenham, Kent 

Eisenberg (1907) observed that cultures and filtrates of Clostridium 
seplicum and Cl. chauvoei contained thermolabilo antigens which, 
damaged washed leucocytes incubated with them. Hanging-drop 
preparations of the incubated mixtures showed that the polymorpho¬ 
nuclear leucocytes had rounded off and lost their granules, while the 
nuclei had fused to form clear vesicles; in stained preparations the 
fragments of nuclei appeared fused into an ill-defined mass with poor 
sta inin g properties. Lymphocytes and macrophages appeared less 
sensitive. Human leucocytes were most sensitive, then rabbit leuco¬ 
cytes ; guinea-pig leucocytes were relatively insensitive. Leucooidins 
could be demonstrated in guinea-pig exudates duo to infection with 
Cl. seplicum and Cl. cliauvoei. 

Butler (1942, 1943), examining cervical smears from post-abortum 
cases of Cl. welchii infection, noted that in severe infections heavily 
capsulated bacilli were present and that a large proportion of the 
leucocytes in the smears showed severe damage. Later (1945), she 
commented on the fact that, in infections with anaerobic bacilli other 
than Cl. welchii, damage to leucocytes was not observed except in 
infections with Cl. septicum. Robb-Smitli (1945) showed that, when 
Cl. welchii filtrates were injected into the muscles of living rabbits, 
karyolysis of nuclei of polymorphonuclear leucocytes and destruction 
of connective tissue and muscle-cell nuclei occurred in the injected 
area, and that similar nuclear changes could be produced in frozen 
sections of liver or muscle by incubating them at 37° C. with filtrates 
of Cl. welchii type A. As the material damaged in this way was 
Feulgen-positive—-basophil Feulgen-negative material was unaffected— 
he concluded that the active material in the filtrates was a deoxy¬ 
ribonuclease. Since the capacity of organisms to produce enzymes 
which damaged nuclei would clearly be of considerable importance 
in assisting the spread of infection, it seemed worth while to examine 
filtrates of Cl. welchii and Cl. septicum for this capacity, and for their 
ability to attack deoxyribonucleic acid. Evidence has been obtained 
that both Cl. welchii and Cl. seplicum filtrates attack sodium deoxy- 
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precipitate was centrifuged out, washed once with 5 per cent, trichloracetic acid, 
and the amount of protein determined colorimetrically by the method of 
Robinson and Hogden (1940). 


Results 

Glycine. The amount of lysis is given in terms of the amount of 
protein found in the supernatant fluid, expressed as a percentage of 
the protein content of the original bacterial suspension, as determined 
by the method of Sticldand (1951). Table I shows that the net lysis 


Table I 

Lysis (per cent.) * by glycine of normal strains of Bact. coli grown in 
broth, and of glycinc-rcsistant strains grown in glycine broth 


Strain 

Glycine 
concentra¬ 
tion used 
for lysis 
(per cent.) 

Normal strains 

Itcslstant strains 

Autolysis 

Lysis In the 
presence of 
glycine 

Net lysis 
due to 
glycine 

Autolysis 

_ _ 

Lysis in the 
presence of 
glycine 


A 

4 

i 

24 

23 

38 

35 

0 

D 

4 

2 

47 

45 

20 

34 

5 

B 

4 

0 

12 

12 

15 

14 

0 

D 

4 

0 

13 

13 

18 

19 

1 

1 

6 

2 

20 

18 

G8 

07 

0 

4 

0 

2 

22 

20 

00 

72 

0 

4 

6 

0 

28 

28 

4 

0 

0 

D 

4 

2 

34 

32 

23 

29 

0 


Average 

1 

... 

24 

32 

... 

2 


Suspensions of organisms were incubated overnight at 37° in water (nutolysis) 
or in glycine solution. 

• In all tables the degree of lysis Is the amount of protein In the supernatant fluid expressed as a 
percentage of tho protein content of tlio original bacterial suspension. 

produced by glycine in the suspensions of resistant organisms is very 
small, as compared with that found with the normal strains, and 
even less than that observed with the method used in our previous 
paper, i.e. with cells grown in broth not containing glycine. A note¬ 
worthy feature is the high degree of autolysis, i.e. lysis in distilled 
water alone, found with suspensions prepared from cultures of resistant 
strains when grown in glycine-containing media. 

The question of the specificity of this resistance to lysis by glycine 
is obviously important. It was studied by observing the effect of 
other lytic agents on normal and resistant organisms. We studied 
the lysis produced by normal serum (Gordon and Hall, 1950),by sodium 
deoxycholate, and by an amino-acid closely related to glycine, viz. 
DL-alanine. Saponin and fixanol C, a synthetic detergent, were also 
tried but discontinued owing to technical difficulties. 

Sodium deoxycholate. The method used to observe the degree of 
lysis by deoxycholate was the same as for lysis by glycine, the con¬ 
centration of deoxycholate in the incubated mixture being 1 per cent. 
It was found that deoxycholate did not interfere with the precipitation 
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• Glycine-resistant strain womt In 4 per cent gljclno brolh. 

Suspensions of normal and resistant organisms wero incubated overnight at 37“ in water or in DL-alanino solution. 
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rabbit serum gave no inhibition, but slight inhibition when added 
to 0-2 c.c. of serum (Gordon and Hall). As stated in this paper it 


Table III 

The effect of sodium deoxycholatc on the growth of normal and 
glycine-resistant strains on peptone agar 


Concentration of 
deoxyeholate 
(per cent.) 

Ordinary strains 

Resistant strains 

1 

4 

X 

4 

Nil (control) 

+ + 

4“ + 

+ 4* 

++ 

0-1 

+ + 

+ + 

+ 

+ 

0-25 

+ + 

+ + 

1A number of small dry 

0-5 

+ + 

+ + 

J colonies, difficult to count 

1-0 

+ 

+ 

45 

30 

1-5 

+ 

+ 

30 

20 

2-0 

+ 

4* 

38 

20 


1 and 4 were two different strains of Bad. coli. 

-{-+ = heavy growth. + = good growth. 

Numerals refer to number of colonies where these could bo counted. 


might have an important clinical bearing in cases where organisms 
which have become resistant to drugs might come under the influence 
of the natural defences of the body. 

Effects of DL-alanine 

In an earlier paper (Gordon and Gordon, 1947) it was shown that 
glycine-resistant strains of Shigella shigee can grow in concentrations 
of DL-alanine which would be inhibitory to normal strains. Therefore 
it was of interest to see how glycine-resistant strains of Bact. coli 
would behave with DL-alanine, with regard both to growth and to 
lysis of suspensions. 

Ten normal strains of Bad. coli proved rather less sensitive to 
DL-alanine than to glycine. The lethal concentration of glycine was 
in the neighbourhood of 1-5-2-0 per cent., whereas with DL-alanine 
it was 2-5-3-0 per cent. The strains resistant to 6 per cent, glycine 
on the other hand grew readily in 7 per cent. DL-alanine broth. 

These facts were reflected in the results when lysis by DL-alanine 
was measured, i.e. the normal strains were lysed by the concentrations 
of DL-alanine which prevented growth, and the glycine-resistant 
strains showed a resistance to lysis by DL-alanine (table IV and fig.) 

In table IV it is shown that the glycine-resistant strains, when 
grown on a plain broth medium, are lysed by DL-alanine to an extent 
always less than that given by the normal strain, and when grown 
on a glycine-containing medium are lysed by DL-alanine only to a 
slight extent. The figure relates the degree of lysis of a normal strain 
to the concentration of DL-alanine and shows that in the growth- 
inhibiting range of concentrations, i.e. in those greater than 2-5- 
3-0 per cent., lysis becomes appreciable. 
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The concentrations of glycine and DL-alanino used in these 
experiments are extremely liigb, and it might he suspected that some 
part at least of their action is duo to osmotic effects. For this reason 
a number of other substances of as varied chemical composition as 
possible was tested for their power to cause lysis of Bact. colt ; tho 
choice of substances was limited chiefly by questions of solubility. 
The results (table V) show that tho lysis by glycino and DL-alanine 
is quite specific and cannot bo imitated by tho other substances tested. 


Discussion 

The above results oxtend our knowledge of tho lysis of glycine- 
resistant organisms in several ways. 'First, it is shoivn that if glycine- 
resistant Bact. coli are grown on a glycine-containing medium, their 
subsequent behaviour with glycino shows an oven greater contrast 
with the normal strains than when tkoy aro grown on plain broth, 
if allowance is made for autolysis. This autolysis, or lysis by distilled 
water, is sometimes considerable and wo think it is to bo regarded as 
a measure of the greater fragility of organisms growing in tho glycine- 
containing medium. This fragility is also demonstrated by the greater 
susceptibility of tho resistant organisms to lysis by sodium dcoxycholato 
which can be seen even when tho bacteria are grown on a glycino-freo 
medium, and also by tho extreme sensitivity to tho bactericidal activity 
of normal serum. 

Second, the question of tho specificity of the lytic action of glycine 
has been Btudied. It was shown in 1047 (Gordon and Gordon) that 
strains of Shigella shigee resistant to glycino wore also resistant to 
DL-alanine. We have now shown that, among a number of substances 
tested, only DL-alanino caused lysis of normal strains of Bact. coli 
of a degree comparable with that found with glycine, and that tho 
glycine-resistant strains aro also resistant to lysis by DL-alanine. 
The growth-inhibition effect of DL-alanino at various concentrations 
on normal Bact. coli is paralleled by tho lytic effect on suspensions. 
The negative results with sundry- substances at high concentrations 
seem to point to tho conclusion that this lysis is not associated with 
any osmotic effects. 

It is of interest that with streptomycin-sensitive strains of Bact. 
coli no significant lysis by streptomycin could be obsorved, oven at 
extremely high concentrations. It would appear, therefore, that tho 
action of streptomycin on Bact. coli does not involve lysis. 


bUMMAEY 


}: G1 y c me-resistant Bact. coli, when grown on glycine-containinc 

ThtT\° entr f Ug - 0d and ,' washed ' are wore fragile than normal 
This is shown by increased autolysis of the washed suspension anc 
by increased sensitivity to the lytic action of sodium deoxyeholah 
and the bactericidal action of normal serum. 
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2. Such, glycine-resistant organisms, if grown in glycine media 
and washed, show no greater lysis by glycine than by distilled water. 

3. They are also resistant to the lytic action of DL-alanine. 

4. The lytic action observed with glycine and DL-alanine on 
normal organisms is not found with other substances tested, with the 
exception of Na deoxycliolate. 

5. Streptomycin-sensitive strains of Bad. coli show no lysis by 
streptomycin. 

J. Gordon wishes to thank the Medical Research Council for a grant for 
expenses. 
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THE BETA-TOXIN (DEOXYRIBONUCLEASE) 

OE CL. SEPTICUM 

G. Harriet Warrack, Ethel Bidwell and C. L. Oakley 

From the Wellcome Research Laboratories , Biological Division, 
Beckenham, Kent 

Eisenberq (1907) observed that cultures and filtrates of Clostridium 
septicum and Cl. chauvoei contained thermolabile antigens which 
damaged washed loucoeytes incubated with them. Hanging-drop 
preparations of the incubated mixtures showed that the polymorpho¬ 
nuclear leucocytes had rounded off and lost their granules, while the 
nuclei had fused to form clear vesicles; in stained preparations the 
fragments of nuclei appeared fused into an ill-defined mass with poor 
staining properties. Lymphocytes and macrophages appeared less 
sensitive. Human leucocytes were most sensitive, then rabbit leuco¬ 
cytes ; guinea-pig leucocytes were relatively insensitive. Leucocidins 
could be demonstrated in guinea-pig exudates duo to infection with 
Cl. septicum and Cl. cliauvoei. 

Butler (1942, 1943), examining cervical smears from post-abortum 
cases of Cl. welchii infection, noted that in severo infections heavily 
capsulated bacilli were present and that a large proportion of the 
leucocytes in the smears showed severo damage. Later (1945), sho 
commented on the fact that, in infections with anaerobic bacilli other 
than Cl. welchii, damage to leucocytes was not observed except in 
infections with Cl. septicum. Robb-Smitli (1945) showed that, when 
Cl. welchii filtrates were injected into the muscles of living rabbits, 
karyolysis of nuclei of polymorphonuclear leucocytes and destruction 
of connective tissue and muscle-cell nuclei occurred in the injected 
area, and that similar nuclear changes could bo produced in frozen 
sections of liver or muscle by incubating them at 37° C. with filtrates 
of Cl. welchii type A. As the material damaged in this way was 
Eeulgen-positive—basophil Eeulgen-negative material was unaffected— 
he concluded that the active material in the filtrates was a deoxy¬ 
ribonuclease. Since the capacity of organisms to produce enzymes 
which damaged nuclei would clearly be of considerable importance 
in assisting the spread of infection, it seemed worth while to examino 
filtrates of Cl. welchii and Cl. septicum for this capacity, and for their 
ability to attack deoxyribonucleic acid. Evidence has been obtained 
that both Cl. welchii and Cl. septicum filtrates attack sodium deoxy- 
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ribomieleate, but as considerable difficulties were encountered in 
dealing with Cl. welchii filtrates, this paper is limited to experiments 
with Cl. septicum. 

Action of filtrates on films of fixed rabbit leucocytes 

R. G. Macfarlane (personal communication) had already drawn 
our attention to his observation that when methyl alcohol-fixed 
films of human leucocytes are incubated with filtrates of Cl. welchii 
type A for 18 hours at 37° C., the nuclei of the leucocytes fail to stain 
with Jenner’s stain. We have found that filtrates of Cl. seplicum also 
possess this property, that this activity can be inhibited by previous 
mixture of the filtrate with Cl. septicum antisera, and that such sera 
can be calibrated against a standard for their capacity to inhibit this 
indicating effect. 

Methods 

Rabbits are bled out into 1-6 per cent, sodium oxalate, the leucocytes con¬ 
centrated by centrifugation and re-suspended in oxalated rabbit plasma. Trial 
films are made and the concentration of leucocytes adjusted to give 15-20 
leucocytes per 1 /12 in. objective field. Films are then made in a standard manner 
on microscope slides 7-5 X 1-2 cm., dried in the air and fixed in mothyl alcohol. 
About 400 slides can bo made from the blood of one rabbit; the use of large 
uniform batches of films greatly facilitates the comparison of results. 

For the determination of the activity of filtrates against fixed nuclei, two¬ 
fold saline dilutions of filtrates in volumes of 4 ml. are placed in test-tubes ; a 
numbered slide bearing a fixed film is placed gently in each tube so that no 
splashing occurs ; about half the film should be submerged. The tubes, with 
appropriate saline controls, are incubated upright in a water-bath at 37° C. 
for about 18 hours; the slides are then removed, rinsed with distilled water, 
stained with Jenner’s stain in the usual way and examined microscopically 
with a 1/12 in. oil-immersion objective. The upper half of the film acts as a 
somewhat unsatisfactory control, both for number of leucocytes por field and 
for efficiency of staining. As the concentration of effective material in the 
mixtures increases, the appearance of the leucocytes in the treated films alters. 
The first change is reduction in nuclear staining of lymphocytes, leading on 
to ghost nuclei, in which the unstained nuclei are sharply demarcated from the 
faintly stained cytoplasm surrounding them ; polymorphs are next affected and 
finally eosinophils. If the concentration of effective substance is sufficiently 
high, no stained leucocytes may bo seen in the treated film. Red cells are 
unaffected. Some 20 or 30 fields are examined on each slide, and the standard 
indicating dose determined as the amount of filtrate producing severe damage 
of 60 per cent, of leucocytes. A little practice soon allows the adoption of a 
consistent standard of reading. Most Cl. seplicum filtrates tested had about 
250 standard indicating doses per ml. 

Application (o titration of sera. A standard serum was established with on 
arbitrary value of 1000 units. Varying amounts of Cl. septicum filtrate were 
mixed with 1 arbitrary unit of antiserum in a total volume of 4 ml., and allowed 
to stand for half an hour at room temperature; they were then incubated 
with methyl alcohol-fixed slides of rabbit leucocytes for about 18 hours at 
37° C. The test dose at one unit was taken as the amount of filtrate which, 
when mixed with 1 unit of antiserum, severely damaged 50 per cent, of the 
leucocytes in a treated film ; it usually contained about 120 standard indicating 
doses. This test dose was then used to calibrate other sera : testing at 10 per 
cent, differences was easily practicable. 
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Results 

The results are given in table I, together with the serum values 
against tho lethal toxin of Cl. septicum. It is clear that the serum 
values in this test bear no relationship to those against the lethal 

Table I 

Serum values against Cl. septicum filtrates in slide tests compared with those 
obtained in lethal tests, to show that the antigen effective in slide tests (fl-toxin) 
is distinct from the lethal (a) toxin 


Sernm 

Benim %alues (units) 

la slide tests against filtrate 

In lethal tests 

AV 1002 

AV 1003 

GVP 1416 


210 

— 

GVP 1603 


1000 


EX 630 


110 


EX C31 

70 

85 


EX 032 

23 

23 


EX 035 


50 


EX 630 

22 

21 


EX 637 

80 

75 

iiiiiiMf rm.'f 

EX 639 

25 

25 


EX 654 

45 

50 

630 


Values obtained in 1046. 


toxin; it is therefore probable that the substance in Cl. septicum 
filtrates attacking fixed nuclei is distinct from the lethal toxin. We 
propose to call the lethal factor a-toxin, the substanco affecting fixed 
nuclei /3-toxin. 

Enzymatic nature of the substance affecting fixed nuclei 

In view of Robb-Smitb’s suggestion that Cl. wdchii type-A 
filtrates might contain a deoxyribonuclease and the striking offeot 
of Cl. septicum filtrates on films of fixed rabbit leucocytes, we have 
examined a Cl. septicum filtrate for deoxyribonuclease and related 
enzymatic activities, and have compared its action on films of fixed 
rabbit leucocytes with those of ribonuclease and deoxyribonuclease 
from anothor source. 


Methods 

Preparation of enzymes and substrates . Deoxyribonuclease was prepared 
from ox pancreas by the method of McCarty (1045-46) and ribonuclease from 
a rejected fraction in the deoxyribonuclease preparation by the method of 
Kunitz (1940-41). 

Tho deoxyribonuclease preparation had no action on yeast nucleic acid 
when tested by the method of Kunitz, but it hydrolysed fish-sperm nucleic 
acid (method of Laskowslci, .1046) and reduced tho viscosity of calf-thymus 
deoxyribonucleic acid. The ribonuclease preparation hydrolysed yeast nucleic 
acid, but had no action on fish-sperm nucleic acid. 
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Since the active material in the filtrate might be a depolymerase, it was 
essential to prepare sodium deoxyribonucleate by a method involving minimum 
denaturation : commercial specimens made from calf thymus were unsuitable. 
Sodium deoxyribonucleate was therefore prepared from calf thymus by the 
method described by McCarty; i.e. the nucleoprotein was extracted by the 
method of Mirsky and Pollister (1942) and deproteinisation effected by the 
chloroform-amyl alcohol method of Sevag el al. (1938). 

As, under prevailing conditions, there was considerable difficulty in obtaining 
calf thymus in any but very small amounts, most of the work was done with 
deoxypentose-nucleie acid prepared from horse spleen by a modification of the 
method of Gulland ei al. (1947). This preparation lias been called deoxyribose- 
nucleic acid in view of the work of Chargaff el al. (1949) on the deoxypentose- 
nucleie acid of beef spleen but final proof of its identity with deoxyribosenucleic 
acids from other sources (e.g. calf thymus) is not yet available. 

Sodium phenolphthalein phosphate was synthesised by the method of 
Huggins and Talalay (1945). 


Results 

Action of ribonuclease and deoxyribonuclease on films of 
fixed rabbit leucocytes 

Ribonuclease (1 mg./ml. acetate buffer pH 5) caused the nuclei 
to stain more deeply with Jenner’s stain, presumably because it 
removes ribonucleic acids and allows freer access to the stain ( cf. 
Stowell and Zorzoli, 1947). 

The action of deoxyribonuclease was similar to that of Cl. septieum 
filtrates. 

Enzymatic activities of Cl. septieum filtrates 

Phosphatase. Phosphatase activity was tested by incubating 
overnight at 37° C. a mixture of 1 ml. of culture filtrate and 1 ml. 
of substrate {30 mg. sodium phenolphthalein phosphate dissolved 
in 25 ml. acetate buffer, pH 5-6). Next morning 0-2 ml. N sodium 
hydroxide was added to each tube ; the appearance of a very marked 
pink colour indicated phosphatase activity. Controls were run with 
uninoculated medium and with heated filtrates. Filtrates of cultures 
of Cl. septieum showed little or no phosphatase activity. 

Deoxyribonuclease. Gl. septieum filtrates rapidly reduced the 
viscosity of solutions of sodium deoxyribonucleate. The relationship 
between concentration of substrate and viscosity was first determined 
as follows :— 

The substrate was dissolved in 0*025 M veronal buffer, pH 7*5, 
containing 0*01 per cent, gelatin and 0*003 M magnesium as described 
by McCarty and the flow time determined for varying substrate 
concentrations. A typical curve of this relationship is given in fig. 1- 
(Ostwald viscometers, bulb volume 1*5 ml., capillary diameter 
0*53 mm. ; flow time for 2*2 ml. buffer, 50 sec. ; working temperature, 
37° C.). 

From curves similar to fig. la concentration of substrate was 
chosen to give a flow time of about 120 sec. Two ml. of substrate o 
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this concentration were warmed to 37° C. in a water bath, 0-2 ml. 
of warmed filtrate added and the time of mixing noted. The mixture 



Fia. 1.—Relationship between concentration of sodium deoxyribonucloato 
and flow time under constant conditions. 

was then transferred to the viscometer and the flow-time (/„) deter¬ 
mined 20 min. after mixing. Swyer and Emmens’s (1947) flow-time 
function 

„ _ 1000(/.-/.) 

f.-fo 


was then calculated; f 0 is flow-time for buffer, /, is flow-time for 
substrate, f t is flow-time for substrate-filtrate mixture. Tig. 2 is a 
typical curve of the relationship between v and filtrate concentration. 
Filtrates could readily be compared with one another by comparing 
the amounts of the filtrates producing some standard effect on the 
value of v. 

The viscosity-reducing activity of Cl. seplicmn filtrates was inhibited 
by Cl. septicum antisera, but not by normal horse sera, and it was 
found possible to calibrate sera by making use of this inhibitory 
effect. Owing to the day-to-day variation in viscosity of substrate 
and effeot of enzyme, the ordinary indicator methods in which sera 
are compared with a standard for their capacity to reduce the activity 
of a test dose of the antigen to the standard indicating effect, could 
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not be used, and the value of the sera was recorded as the reciprocal 
of the amount of serum that reduced the activity of a fixed quantity 
of enzyme to one-half. After numerous experiments the unit enzyme 
was defined as that produced by 0-2 ml. of 01. septicum filtrate AV 1008 
(diluted 1 in 40 in 1 per cent, peptone broth plus 0-003 M magnesium) 
added to 2 ml. substrate. Values of v were determined for a series of 
multiples of this enzyme concentration, e.g. 1 -5, 2 and 3. 



ENZYME UNITS IN I ML. MIXTURE—> 

Fig. 2.—Relationship between concentration of deoxyribonuclease and Swyer 
and Emmons’s flow-time function v for enzyme-substrate mixtures. 

Mixtures were then made containing one volume of AV 1008 
diluted 1 in 5 and 1 volume of appropriate dilutions of the antiserum ; 
these were allowed to stand for 30 mins. 0-2 ml. of each mixture was 
then added to 2 ml. of substrate, warmed to 37° C. and v determined 
20 mins, after mixing. If no antiserum was present the v value for 
the mixture would be that of 4 enzyme units; if antiserum was 
present v would correspond to less enzyme ; the amount of serum 
present in the mixture, having an activity equal to that of 2 enzyme 
units (flow-time v 50 ) could readily be determined by interpolation. 
Duplicate determinations on different days gave excellent agreement. 

Mg. 3 gives the results for serum EX 654 and Fig. 4 those for 
EX 630 and GVP 1603. It will be noted that there is considerable 
variety in the form of the relationship between v and the amount of 
antiserum present. 



ML.5ERUH IN SERUM-ENZYME MIXTURES 
0-0015 0002 0-0025 



ARBITRARY UNITS ENZYME—> 

Fio. 3.—Titration of 6erum EX G64 for antideoxyribonucleaso. Open circles, v 
values for dilutions of enzyme ; black circles, v values for enzyme-scrum mixtures. 
t" J0 is value of v corresponding to balf tbe enzyme used in the serum test. 


ML. SERUM IN SERUM-ENZYME MIXTURES 



Fio. 4.—-Titration of two sera for antideoxyribormelease. Symbols as in fig. 3* 
2<W 
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Serum GVP 1603 gave an average value of 11,000 in viscosity 
tests. As it had been used as standard in slide tests at a value of 
1000 units all the serum values obtained in viscosity-reduction tests 
were divided by 11, to make the comparison with slide tests simpler. 

In table II the adjusted results for 8 sera are compared with those 
determined in slide tests. It is clear that the ratios between the 
values of sera obtained in the two tests are practically constant; it 

Tabus n 


Serum values against Cl. septicum filtrates in slide tests compared with the values 
obtained in viscosity-reduction tests using sodium deoxyribonucleate as sub¬ 
strate, to show that fi-toxin is a deoxyribonuclease 


Seram 


Scrum values 


In slide tests against filtrate 

In viscosity-reduction 
tests against filtrate 
AV 1003 

AV 1002 

AV 1003 

GVP 1416 


210 

180 

GVP 1003 * 

1000 

1000 

1000 

EX 630 

100 

110 

100 

EX 637 

80 

75 

90 

EX 639 

25 

25 

31 

EX 640 

<8 

<5 

6-8 

EX 054 

45 

50 

47 


• Standard. 


is probable therefore that the substance in Cl. septicum filtrates active 
in the slide test against fixed rabbit leucocytes (/?-toxin) is a deoxy¬ 
ribonuclease. It is not a phosphatase, for the Cl. septicum filtrates 
used had little or no phosphatase activity against sodium phenol- 
phthalein phosphate ; Cl. welchii filtrates that contained much more 
phosphatase as judged by this test, had relatively little deoxyribo¬ 
nuclease activity. 

“ ACRA ” tests for Cl. septicum deoxyribonuclease and its 

antibody 

Both the tests for Cl. septicum deoxyribonuclease so far described 
are troublesome and time-consuming. We have already shown 
(Oakley and Warrack, 1951) that the “ ACRA ” test devised by Burnet 
(194S) can be used to demonstrate deoxyribonuclease and to calibrate 
sera for specific antibody. The test is simple, and takes little time. 

Serum GVP 1416, with antideoxyribonuclease value 210 units as 
determined by slide tests, was used as standard ; the tests were done 
at the 0*25 unit level at 20 per cent, differences and the test dose 
contained about 60 standard indicating doses. The technique for 
calibrating the remaining sera was that given by Oakley and Warrack. 
The values so obtained are given in table III, together with those 
obtained in slide and viscosity tests ; it is evident that all three methods 
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giro much the samo values for tho sera, and ire conclude that all 
three methods determine the same antibody— 01 septicum antideoxy- 
nbonuclease, x c Cl septicum /(-antitoxin 

Table IXE 

Serum values against a Cl septicum filtrate to shout that slide tests, viscosity 
reduction tests and modified “ AC It A ” tests measure the same antibody 
(f antitoxin ), and a comparison with tallies obtained against Cl welchu 
filtrates m modified *' AC 11A ” tests to show that Cl septicum and Cl welchu 
deoxyribonuclease arc antigemcaily distinct 


‘Serum 

Scrum values against 

Cl septicum filtrate 

Cl welchu filtrate 

in sll le tests 

In viscosity 
reduction teats 

in ACRA tests 

in ACRA tests 

GVP GG8 

140 


110 

<10 

GVP 1303 

100 


185 


GVP 1416 

210 

180 

210 

<10 

EX G30 

70 

90 

60 

<1 

EX 037 

75 

90 

105 

<1 

EX 039 

2fi 

31 

27 

<1 

EX 040 

<5 

G 8 

3 

<1 

EX 654 

GO 

47 

47 

<1 

EX 1274 

<10 


<2 

420 

GWP 2081 

<10 


2 

ISO 


Values obtained m 1950 


Tbe values of the same sera against Cl welclm type A filtrates m 
“ ACRA ” tests are also givon m table III to show that Cl welchu 
deoxyribonuclease is mimunologically distinct from that of Cl 
septicum 

SuaniAKY 

Cl septicum deoxyribonuclease (/? toxin) may be demonstrated m 
Cl septicum filtrates by its action on films of fixed rabbit leucocytes, 
by its ability to reduce tho xiscosity of solutions of sodium 
deoxyribonucleate, and by its ability, when mixed until sodium deoxy 
nbonueleate, to modify the “blob” formed m a modified “ACRA” test 

By the use of these three indicator effects, it is possible to calibrate 
antisera for Cl septicum antideoxynbonuclease (Cl septicum p anti¬ 
toxin) Cl septicum deoxyribonuclease is antigemcally distinct from 
tbe deoxyribonuclease of Cl welclm type A 

We are very grateful to Miss B Sievewright and Miss E Hart for considerable 
technical assistance 
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TOXIN-PRODUCING DIPHTHERIA-LIKE ORGANISMS 
ISOLATED FROM CASES OF SORE THROAT 

R. Saxholm 

From the Department oj Bacteriology, State Institute for 
Public Health, Oslo 

(Plate XLVII) 

A number of strains resembling Corynebadcrium diphtheria in certain 
properties but differing in others have been isolated in this laboratory. 
They produce diphtheria toxin and were associated with outbreaks 
of sore throat suggestive of diphtheria. 

In 1928 Mair described a diphtheria-like strain which differed 
from C. diphtheria in producing intradermal reactions in guinea-pigs 
which could not be prevented by diphtheria antitoxin. Diphtheria 
antitoxin, however, protected against the otherwise lethal effect of 
subcutaneous injection of the culture, although it did not prevent 
the formation of a local abscess. Darratt later (1933) found that the 
strain fermented starch and liquefied gelatin. Petrie and McClean 
(1934) found that Mair’s strain produced a toxin immunologically 
identical with diphtheria toxin and a toxic element not neutralised 
by diphtheria antitoxin but apparently related to the toxin of Coryne- 
baderium ovis. Jebb (1948) described strains in many ways similar 
to C. diphtheria and G. ovis. They could be distinguished, however, 
by late fermentation of trehalose, liquefaction of gelatin slopes at 
room temperature and failure to reduce nitrates. Cultures of these 
strains caused skin reactions in guinea-pigs fully protected with 
diphtheria antitoxin, and diphtheria antitoxin might or might not 
protect guinea-pigs from the lethal effect of subcutaneous injections. 
No certain conclusion about their epidemiological importance could 
be drawn. 

Material 

The material consists of 13 strains isolated from swobs sent to this Institute 
for examination for O. diphtheria ?. The strains are designated with the following 
numbers2921/49, 2929/49, 2972/49, 728/50, 740/50, 842/50, 892/50, 903/60, 
1254/60, 1329/60, 1620/50, 1605/50, and 1634/50. 

Epidemiological and clinical data 

Strain 2921/49 was isolated at the beginning of November 1949 from a 
boy aged 54 years who lived in a densely populated district near Oslo (Breram), 
The patient was ill for more than a week with fever (about 38-39° C.), swelling 
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of the tonsils and a yellowish-white membrane not extending beyond the tonsils. 
When the presence of diphtheria bacilli was reported, he was admitted to 
hospital. The submandibular lymph nodes were enlarged. He had previously 
been immunised against diphtheria. Strains with the same properties were 
repeatedly isolated from his throat. 

Strain 1329/50 was isolated at the end of June 1950 from a 34-year-old 
boy living in the same district at a distance of 6 kilometres from the first patient. 
No contact between the two was known. This patient had remittent fever 
up to 40° C. lasting for about a week. He had sore throat, moderately enlarged 
cervical lymph nodes and swollen tonsils showing discrete specks, later coalescing 
to a membrane, which, however, did not extent beyond the tonsils. The patient 
was admitted to hospital. The doctor in charge of the two patients noted that 
the membranes were thin and veil-like in both cases. 

Strain 1605/50 was isolated from a 4-year-old boy in the same district in 
September 1950. He had a mild sore throat and fever, with a membrane on 
the tonsils. He lived on a farm about 100 metres from the home of the second 
patient. The diseaso might well have been a mild case of diphtheria, against 
which he had not been immunised. 

Strains 2929/49 and 2972/49 were isolated in the middle of November 1949 
from a 24-year-old boy and his 7-year-old sister, living in a country district 
(Toten) about 200 kilometres north of Oslo. The boy had been ill for about a 
fortnight with sore throat and remittent fever, starting at 40-5° C. and later 
decreasing. A membrane covered the tonsils but did not extend beyond them. 
No enlargement of cervical glands was reported. The girl, who had been 
immunised against diphtheria several years before, had no complaint, but slight 
elevation of temperature (37-8° C.) was found on the evening when the swab 
was taken. 

Strain 1520/50 was isolated in the middle of August 1950 from a man aged 
30 years, living in the same district at a distance of about 20 kilometres from 
the last two cases. Tire man had been ill for two days with slight fever and sore 
throat. The tonsils wero enlarged, but no membrane and no enlargement of 
the regional glands were observed. He had been immunised against diphtheria 
some years before. 

After this report had been prepared, still another strain, apparently of the 
same type, was isolated from a case of sore throat, suspected of being diphtheria, 
in the same district. The study of this strain is not yet complete. 

The 7 remaining strains were isolated from Southern Norway (Setesdal), 
2 from cases of sore tliroat, the rest from carriers. The first strain (740/50) 
was isolated in March 1950 from a girl who had clinical symptoms of diphtheria, 
but details are not known. Strains of the same typo were isolated on one or more 
occasions from 3 members of her family, and from one teacher and 5 pupils of 
schools in this locality. One of the pupils was known to have had a sore throat 
about one month before the girl was taken ill. The doctor in charge of the 
epidemiological survey states that there had been several other cases of mild 
sore throat in the district some time previously, but the cases had not been 
sufficiently severe to attract attention. He had himself treated a suspected case 
of diphtheria in January, and another doctor in the locality had a similar case 
some time afterwards. Later in the summer, there was a new case with slight 
symptoms—oedema of the tonsils and uvula, headache and slight fever for a 
few days. It seems probable that some of these cases may have been due to 
infection with the same organism. 

In 1943 there was an epidemic of diphtheria in the district and extensive 
immunisation was carried out. It is known that many of the carriers, including 
the family of the last-mentioned patient, had been immunised at that time. 

The latest case so far observed appeared in September 1950 (strain 1634/50). 
This was a woman in the sixties who was taken ill with fever, sore tliroat an 
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an inflammatory condition of the nose. The fever—between 38 and 39° C.~ 
lasted for about a week. Hie tonsils were swollen, red and succulent, but free 
from membrane, although material resembling diphtheria membrane was dis¬ 
charged from the nose. There was no definite enlargement of the regional 
lymph nodes. The symptoms fitted well with a diagnosis of diphtheria and it 
was considered that she must have been in contact with some of the carriers. 

So far there has been no report of paresis in any of the patients and none 
of them has been seriously ill. 

It should also be mentioned that typical diphtheria bacilli have not been 
isolated from any of the three districts within recent months. 


Bacteriological observations 
Morphology and cultural characteristics 

The organisms are Gram-positive pleomorphic rods, often exhibiting 
an almost coccal form, but diphtheria-like rods, short rods and coccoid 
elements may all be found in the same film. The rods sometimes 
resemble those of C. diphtherias, with the typical arrangement, but at 
other times the arrangement tends to be parallel. Metachromatio 
granules are present, but are often few. They are as a rule irregularly 
distributed in the organisms and sometimes only in one end. No 
spores have been observed. 

Growth of the strains on different media is more abundant than 
that of 0. diphtheria. On blood-agar after 24 hours at 37° C. the 
colonies have a diameter of 0*5-1 mm., and are convex, yellowish- 
white, and opaque, and surrounded by a narrow zone of partial 
haemolysis. The colonies are friable and, when touched, tend to slide 
along the surface of the medium. Marked sputtering is noted if an 
infected loop is put into a gas flame. The colonies of C. diphtheria 
strains used as controls have a diameter of about half the size, are 
lower, greyish and more translucent, and they do not sputter in the 
flame. 

Growth on Loeffler’s serum is abundant. Ten per cent, serum- 
broth cultures show a surface pellicle, strong turbidity and a granular 
deposit. On McLeod’s tellurite medium (Anderson et aL, 1931) well 
isolated, fully developed colonies (fig. 1) show a resemblance to the 
gravis type of colony. Thus, radial stripes may sometimes be seen 
and the edge of the colonies is slightly irregular although apparently 
to a lesser degree than with gravis. More crowded colonies are regular 
and smooth with a shiny or sometimes waxy lustre. The size is about 
the same as that of gravis colonies. 


Biochemical properties 

In Hiss’s medium the strains ferment glucose, maltose, Isevulose, 
galactose and dextrin within 24 hours, starch within 24-48 hours 
and trehalose after several days—4 to 10 in different tests. Some of 
the strains produce weak acid in glycerol after 10 days or more. 
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Mannitol and saccharose are not fermented. The methyl red reaction 
is positive and tests for indol and acetylmethylcarbinol are negative. 
Gelatin stabs and slopes are slowly liquefied, starting from the second 
to fifth day. Nitrates are not reduced. Urea is readily decomposed. 
The phenylalanine reaction (Henxiksen, 1950) is negative. On Tinsdale’s 
(1947) medium the colonies are brownish-black and surrounded by a 
distinct brown halo, exactly film diphtheria colonies. 


Serological and animal experiments 

The strains were tested on plates as described by Ouchterlony 
(1949). The trenches were filled with serum-agar containing 40 anti¬ 
toxin units per ml. A Park-Williams no. 8 (PW8) strain was used 
as a control. All the strains produced bands of precipitate readily 
visible within 3 or 4 days. A turbid halo was frequently formed 
along the streaks of the test strains but never along the PW8 strain. 
The halos did not interfere with the precipitate bands and did not 
appear to be due to any specific precipitation but rather to a non¬ 
specific effect on the serum protein in the medium. Pig. 2 shows a 
plate inoculated with a representative strain from each outbreak 
and a PW8 strain. The precipitate bands start from the streaks of 
growth as straight lines and deviate towards the trench in the region 
where they meet the precipitate bands from the adjacent strains. 
The bands formed by the strains unite with each other and form an 
unbroken single curve. The precipitate bands of PW8 take off nearer 
to the trench than the bands formed by the other strains, and the 
crossing points with these precipitate bands are displaced nearer to 
the other strains, indicating that PW8 produces a more potent toxin. 

Guinea-pigs and rabbits were used in the animal tests. Toxins of 
the strains under investigation and of a PW8 strain were obtained 
by filtering 9-day-old cultures in Martin’s (1898, p. 32) broth prepared 
according to a modified formula received from the State Bacteriological 
Laboratory, Stockholm. Toxins of the strains 2921, 2929, 2972, 
1329 and 1254 were injected in amounts of 1 ml. subcutaneously 
in the right thigh of guinea-pigs weighing about 250 g. Strains 2921, 
2929 and 2972 were tested twice. Other guinea-pigs were inoculated 
subcutaneously with the same quantities of the toxins, previously 
incubated for 3 hours at 37° C. with 0-1 ml. diphtheria antitoxin 
(8000 units/ml.). All the guinea-pigs which received 1 ml. of the 
toxin alone died within 2 days. The post-mortem showed a haemor¬ 
rhagic area at the site of inoculation, an increased amount of fluid 
in the peritoneal cavity, congested and haemorrhagic abdominal 
viscera and, in particular, greatly swollen and congested adrenal 
glands. The guinea-pigs which received antitoxin as well survived - 
they were killed after five days and at autopsy showed no lesions at 
the site of inoculation or in the viscera. 

The toxins of all strains under test and 3 strains of C . diphtherice were 
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DiPHTnrniA-r.iKi: organisms 



Fio. 1.—Colonics of tho diphtheria .ltko organism on McLeod’s tellurite medium. 
Only one of tlin colonics shows a ftlight indication of radial striping. This pheno¬ 
menon often appeared to a more marked degreo in well-separated colonics, 
xc. 10. 



Fio. 2.—Ouchterlony plate showing precipitate hands. Tho central streak is tho 
Park-Williams no. 8 (P\V8) strain, tho peripheral streaks nro representative 
strains from the three different districts. Tho asymmetry of tho preeipdato 
bands between tho PWS and tho neighbouring strains suggests that tho toxin 
of tho former is more potent xc. 1 3. 
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injected intradermally into 2 sets of guinea-pigs, 4-6 injections in eaoli, 
in amounts of 0-2 ml. The first set of guinea-pigs received 1000 units 
of diphtheria antitoxin subcutaneously on the day before the injection, 
whereas the second set received 30 units 3 hours after injection. On 
the second day, redness and slightly elevated infiltrations were evident, 
and necrosis had started in tho sldn of the guinea-pigs given 30 units 
of antitoxin. The necrosis increased in the next few days. Prom 
about the fifth day the lesions started to heal. The lesions at the 
sites injected with diphtheria toxin were more marked than those in 
the animals injected with the test toxins. No skin lesions occurred 
in tho guinea-pigs which received 1000 units of antitoxin. Toxins of 
strains 2921, 2929, 2972 and PW8, produced in broth from the same 
batch, were injected in amounts of 0-1 ml. into the depilated skin of 
a rabbit in the dilutions 1 in 80, 1 in ICO, 1 in 2000 and 1 in 8000. 
Observations on the second day showed that injections of the test 
toxins in the two highest dilutions caused a reddened area of 8-12 mm. 
diameter, whereas the PW8 toxin produced redness and infiltration 
of 12-14 mm. diameter. Correspondingly the two lowest dilutions of 
the test toxins produced redness and infiltration of 12-20 mm. diameter, 
whereas the PW8 toxin produced redness, infiltration and necrosis 
of 25 mm. diameter. In control tests, diphtheria antitoxin was found 
to prevent the skin lesions. 

Intradermal tests in guinea-pigs were also performed by a similar 
method to that used by Jebb. Suspensions of 0-2 ml. of growth on 
Loefller's slopes of all the strains under test and 3 control strains of 
O. diphtheria :, including PW8, were used for these injections. Two 
sets of guinea-pigs were used, one protected with 1000 units of 
diphtheria antitoxin before injection and the second with 30 units 
3 hours after injection. Redness, infiltration and necrosis occurred 
at the site of injection of the test strains in both sets of guinea-pigs. 
The most marked lesions occurred in those protected with 30 units of 
diphtheria antitoxin and injected with suspensions of C. diphtheria. 
Suspensions of C. diphtheria did not produce lesions in guinea-pigs 
protected with 1000 units of diphtheria antitoxin. 

Discussion 

Diphtheria was very frequent in Norway a few years ago. Before 
1939 mitis and intermedius were the most frequent types, whereas 
these were almost entirely displaced by gravis in the extensive epidemics 
during the war of 1939-45. Lately, diphtheria caused by the recognised 
types has decreased greatly and more extensive epidemics have not 
appeared. It seems reasonable to assume that the relative decrease 
of typical C. diphtherias may have facilitated the recognition of rare 
atypical strains such as those described in this paper. Still, it is 
striking that a great proportion of the few strains isolated during the 
last year from cases of suspected diphtheria were atypical organisms. 
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The strains here described were alike in all properties studied. 
Most of these properties were the same as those of G. diphtheria 
from which they differed, however, in their liquefying gelatin, reducing 
nitrates and decomposing urea. Furthermore they showed slow 
fermentation of trehalose, as did the strains described by Jebb. As 
already stated, the strains showed a marked difference from G. 
diphtheria both microscopically and in the appearance of the colonies. 
Pleomorphism was characteristic of all the strains, although some 
tended to appear mostly as rods, others as coccoid elements, and 
variations were observed in different cultures of the same strain. 
The atypical strains showed a more vigorous growth than G. diphtheria: 
on the various media. 


There is ample evidence that the strains produce diphtheria toxin. 
Thus, on Ouchterlony plates they reacted with diphtheria antitoxin 
in the same manner as diphtheria strains. Further, where the toxins 
from a test strain and from a control strain of G. diphtheria: diffused 
into the same area, a summation of effect was shown by the deviation 
and union of the precipitate bands into a single unbroken curve. 
The toxins could be separated from broth cultures by filtration, and, 
when injected subcutaneously, caused death of guinea-pigs with the 
same post-mortem changes as those produced by diphtheria toxin. 
Intradermal injections in guinea-pigs or rabbits also caused reactions 
similar to those of diphtheria toxin. The effects of the toxin were 
neutralised by diphtheria antitoxin. 

Diphtheria antitoxin, however, did not give complete protection 
against the effect of the intradermal injection of unfiltered cultures, 
as it did with diphtheria strains, hut only reduced the intensity of 
the reactions. These results suggest that some additional non- 


filterable, toxic factor may he present in the cultures. 

The precipitate bands on Ouchterlony plates give a rougli graphic 
estimate of the relative strength of the toxins. When it is realised 
that the antitoxin concentration is approximately equal at equal 
distances from the trench, it is obvious that differences in the position 
and course of individual precipitate bands are determined by the relative 
concentrations of toxin. Precipitate bands produced by the PW8 
strain take off closer to the antitoxin trench than the bands of the test 
strain (fig. 2), and the crossing points with the bands of these strains 
are further removed from PW8 than from the other culture, indicating 


that the toxin of PW8 is produced in greater quantity. The strains 
shown in fig. 2 were selected from different districts and the graphs 
indicate that they produce about equally strong toxins. By com¬ 
parison of the skin reactions caused by toxins produced under the 
same conditions, it was found that dilutions of 1 in 2000 to 1 in 8000 
of PW8 toxin gave approximately the same reactions as dilutions 
of 1 in 80 to 1 in 160 of the toxins of strains 2921, 2929 and 2972. 
According to both these tests, then, the atypical strains appear to 


produce a weaker toxin than the PW8 strain. 
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The strains came from 3 widely separated districts in the country. 
They were isolated from both sporadic cases and healthy carriers. 
In one of the districts the organism was isolated from a boy who 
had sore throat and fever and from his Bister who at the same time 
had a slightly elevated temperature for one evening, but no sore 
throat. The girl had been immunised against diphtheria some years 
before. In two districts sporadic eases occurred at different times 
and in different localities. No connection between the cases was 
known. In the third district there were at least two clinical cases 
and the organism was also isolated from 10 out of a considerable 
number of contacts examined. Only 6 of these strains were included 
in the present study. In this district extensive immunisation against 
diphtheria had been carried out some years before, and some of the 
healthy carriers, but not the patients, had been immunised. The 
organism was isolated on several occasions both from the patients 
and from some of the carriers. 

The available evidence suggests that this organism can cause sore 
throat resembling diphtheria, although the presence of other pathogenic 
organisms has not been excluded. In the clinical cases associated 
with these strains, the lesions in the throat were less marked than is 
usual in diphtheria and the patients were less affected by the disease. 
The membranes were thin and did not extend beyond the tonsils, 
and there was only slight to moderate enlargement of the regional 
glands. The clinical course of the disoase was about the same as in 
mild diphtheria. All the patients had fever and were confined to 
bed for 1-2 weeks. No severe cases were observed. This may bo 
because of the weaker toxin production of the atypical strains as 
compared with the control strains of C. diphtheria ;. In laboratory 
diagnosis it would seem advisable to report such strains as diphtheria 
bacilli and to give the patients diphtheria antitoxin until more is 
known about their actual role as pathogens. 

It may be difficult or impossible to detect the strains by micro¬ 
scopical examination of primary serum cultures, as they frequently 
present a coccoid appearance. The rods may be few and short, with 
few metachromatic granules. The growth on Tinsdale’s medium is a 
valuable aid in the diagnosis. Further, in contrast to 0. diphtheria 
the strains readily decompose urea. In addition, the appearance 
of the colonies on blood-agar and their friable consistency, the marked 
tendency to slide on the medium when touched and to sputter in the 
flame, are characteristic signs. The appearance of the colonies and 
the fermentation reactions might easily lead to confusion with the 
gravis type of C. diphtheria. 

The cultural and morphological properties reported for the strains 
of Mair and of Jebb suggest that they may be closely related to the 
present strains. However, only 2 of Jebb’s 26 strains gave a definitely 
positive methyl-red reaction. Jebb did not use the urease reaction, 
the phenylalanine reaction, cultivation on Tinsdale’s medium or 
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flocculation, tests with diphtheria antitoxin. In contrast to the 
observations made with the present strains, Petrie and McClean 
found that a filtered broth culture of Mair’s strain caused skin lesions 
when injected into highly protected guinea-pigs. The doses of culture 
injected in their experiments seemed to be approximately the same 
as or slightly less than those used in the tests with the present strains. 
Thus Petrie and McClean (p. 658) used two, one, and one-half of a 
subcutaneous lethal dose (0-2, 0-1 and 0-05 ml.) of a broth culture 
grown for 9 days before filtering. My filtrates were likewise prepared 
from 9-day broth cultures, and in one case the dose used for injection 
(0-2 ml.) was found on rough estimation to contain 2 subcutaneous 
lethal doses. The effect of intradermal injections of filtered broth 
cultures of Jebb’s strains into protected guinea-pigs has not been 
reported. Henriksen found that the results of the urease test 
and the phenylalanine reaction are usually parallel in the Entero- 
bacteriacege. This was not so with the atypical diphtheria strains 
and it may be concluded that bacteria producing urease will not always 
decompose phenylalanine to phenylpyruvic acid. 

The atypical strains form an entity related to, but clearly dis¬ 
tinguishable from, C. diphtherice. Their properties are also similar 
to those of other species in the genus Corynebacterium, but do not 
agree in all respects with those of any recognised species. At present 
it is not possible to classify the strains here described in relation to 
those of Jebb and of Mair. The type of organism now described 
certainly seems to belong to the genus Corynebacterium, but its 
position within the genus may be a matter of opinion. 

It might be included under G. diphtheria as a separate type or 
variety. Practical considerations might favour this, but the proposal 
would necessitate some changes in the description of the species in 
order to admit the new type. Alternatively it might be considered 
as a separate species of Corynebacterium, closely related to C. 
diphtheria. The biochemical and morphological differences might be 
held to be sufficient to favour this alternative. For the present, the 
best position seems to be that more knowledge should be gained 
about these organisms and their clinical significance before a final 
decision is made. 

Stjmmaby 

A number of diphtheria-like strains have been isolated from the 
throat in cases of sore throat suggestive of diphtheria and from 
healthy contacts of these patients. The strains produce diphtheria 
toxin and possibly an additional non-filterable toxic factor. 

They differ from typical strains of Corynebacterium diphtheria both 
morphologically and culturally, and in liquefying gelatin, decomposing 
urea, fermenting trehalose and failing to reduce nitrates. They 
ferment starch and show a marked resemblance to the gravis type. 
The strains form a uniform group, whose taxonomy is discussed. 
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I am indebted to Dr E. S. Tonnessen of the Serum Department of this 
Institute for advice and assistance -with the study of the toxin production 
and to Mr E. J. Schjerven and Mr K. Porsbdll for the photographs for figs. 2 
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NASAL CARRIER RATES OF STAPHYLOCOCCUS 
PYOGENES IN HOSPITAL NURSES 

Phyllis M. Rounteee and R. G. H. Barbour 

From the Fairfax Institute of Pathology, Royal Prince Alfred 
Hospital, Sydney 

Previous studies of the nasal carrier rates of Staph, pyogenes which 
established that these organisms can be isolated from the noses of 
22-45 per cent, of healthy adults were summarised by Miles, Williams 
and Clayton-Cooper (1944). These workers examining both out¬ 
patients and in-patients in a Birmingham hospital found a mean 
carrier rate of 47 '4 per cent. However, slightly higher carrier rates 
in the hospital population, both patients and nurses, led them to 
suggest that in a few nurses the hospital environment either induces 
the carrier state or makes manifest a latent carrier state. 

Since their observations were made, the method of phage-typing 
of Wilson and Atkinson (1945) has allowed a more precise differentiation 
of the various types of Staph, pyogenes. In addition, recent studies 
(Barber and Whitehead, 1949 ; Rountree and Thomson, 1949) have 
demonstrated much higher nasal carrier rates for penicillin-resistant 
strains of Staph, pyogenes in the medical and nursing staff than were 
found in samples of the general population. Phage typing has shown 
that the predominant penicilhn-resistant staphylococci in any particular 
hospital may comprise only a few phage types. 

It therefore became of interest to determine at what stage in 
their hospital careers nurses became nasal carriers of these penicillin- 
resistant strains. The survey reported in the present paper was 
designed to secure information on this particular question. It also 
afforded the opportunity to study the duration of nasal carriage of 
particular strains, the occurrence of more than one strain in individual 
noses and the possible antagonistic effect of antibiotic production 
by certain strains of Staph, pyogenes. 

The nursing population examined 

In this hospital, trainee nurses are admitted in groups every 
6-8 weeks and spend six weeks in a preliminary training school before 
entering the hospital wards. In the hospital they are distributed in 
ones and twos throughout the wards. Pive consecutive groups 
entering the preliminary training school between June 1949 and 
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January 1950 and comprising a total of 127 nurses were studied. 
On the day of their arrival at the hospital, swabs were taken from 
the anterior na-res with swab sticks moistened with a little nutrient 
broth. The swabbing was repeated on the last day of the training 
school, after five weeks in the wards and again after an interval of a 
further five weeks. Each nurse was therefore examined 4 times over 
a period of 16 weeks. 


Methods 

Swabs were plated directly on to blood-agar plates which were then incubated 
for 18-24 hours at 37° C. Colonies suspected to be Staph, pyogenes were tested 
for coagulase by the slide method (Cadness-Graves el al., 1943); if negative, 
tube tests were set up. Any obvious morphological differences such as degree 
of haemolysis, pigment production or roughness apparent between colonies on 
individual plates were noted and an example of each different colony was 
picked into broth. If no differences could be detected, one colony only was 
picked from each plate. 

Further identification consisted of phage typing by the method of Wilson 
and Atkinson and of determination of penicillin and streptomycin sensitivity 
by the plate method previously described (Rountree and Thomson). 

For a screening test of ability to produce antibiotic, a strain of Staph, 
pyogenes (R. 2476) isolated at the Staphylococcal Reference Laboratory, Colindale, 
and known to produce a large amount of antibiotic, was inoculated in a streak 
across the centre of a 10 per cent, horse-serum agar plate. After 24 hours’ 
incubation, the plate was then inoculated with loopfuls of broth cultures of the 
strains to be tested by streaking at right angles to the primary inoculum. A 
control culture of the penicillin-sensitive Oxford H strain of Staphylococcus 
was included on each plate. After a further 24 hours’ incubation the zones 
of inhibition of growth produced by R. 2476 were measured and compared 
with that of the H strain. Preliminary tests had shown that strains in which 
no inhibition of growth occurred were themselves producers of antibiotic. It 
was therefore assumed that absence of inhibition by R. 2476 indicated antibiotic 
production by the non-inhibited strain. All strains were dried soon after 
isolation and stored in case it should be required to compare them with further 
strains isolated from the same nurse. 

Since the validity of conclusions drawn from results obtained by examining 
only one colony from each positive plate depended on the assumption that only 
one specific type of Staph, pyogenes was present in the nose at a particular time, 
it was desirable to find out what proportion of plates might contain more than 
one type. This information was obtained partly by the observations of differences 
in colony appearance. Of 280 positive plates examined, 7 (2-5 per cent.) obviously 
contained two types of colony which were subsequently differentiated by phage 
typing. Two of these plates came from the same individual. However, a 
further check was made of a proportion of the plates on which the colonies 
showed no morphological differences. After the phage type of the original 
colony picked had been ascertained, further colonies were tested for phage type 
using only the phages to which the first colony had been susceptible. If no 
reactions were obtained, the cultures were re-typed with the complete range of 
phages. A total of 80 plates was examined in this way. From 69 of them at 
least 10 colonies were picked. From the remaining 11 plates, which did not 
contain as many as 10 colonies, all colonies present were examined. In 6 of 
the 80 plates (7-5 per cent.) two distinct phage types were detected; two of 
these plates came from the same individual. In the remainder of the 80 plates, 
only one phage type was detected on each plate. 
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Combining these two seta of observations we found that m 13 {4 5 per cent.) 
of 280 positive plates, two phage types of Staph, pyogenes were detected. The 
exact proportion of nurses examined who carried more than one type was, 
howe\ er, more difficult to estimate accurately. To do this, many colonies from 
every plate would have had to be examined. This was impracticable for various 
reasons * 35 of the strains examined were not typable ; some plates grow only 
I or 2 colonies, and the volume of work required would have been too great 
for the facilities available. Taking into account the figure of 7 5 per cent, 
derived from the 80 plates examined, we arrived at an estimate of 10 per cent, 
which probably errs on the high side. Since 4*5 per cent, of these double carriers 
were actually detected by the methods used, the maximum error present in 
our results with regard to doublo carriers should not be more than 5 per cent. 


Results 

Crude carrier rate 

Table I shows the carrier rates observed in the five groups of nurses 
examined, together with the totals. The 127 nurses entering the 

Table I 

Nasal carrier rates of Staph, pjogenes, of penicillin-resistant strains of Staph, 
pyogenes and of penicillin- and streptomycin resistant strains of Staph, 
pyogenes in five groups of trainee nurses entering hospital belueen June 
1949 and January 1950 
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penicillin and streptomycin. At the end of the tra inin g school 116 
nurses remained and little change in the crude carrier rates was 
apparent, 52-6 per cent, carrying Staph, pyogenes, 4-3 per cent, 
penicillin-resistant strains and none streptomycin-resistant strains. 
After five weeks in the wards, 112 nurses were available for examination. 
Eighty (71-4 per cent.) of these were now carriers. From 36 (32-1 per 
cent.) penicillin-resistant strains were isolated and 18 (16 per cent.) 
carried strains resistant to both penicillin and streptomycin. After 
10 weeks in the wards, 104 nurses were available for examination, 
71 (68-1 per cent.) of whom were carriers. From 40 (38-5 per cent.) 
penicillin-resistant strains were isolated and from 15 (14 per cent.) 
strains resistant to both penicillin and streptomycin. 

It was apparent therefore, that a period of five weeks in the wards 
had raised the carrier rate from 52-6 to 71*4 per cent., the penicillin- 
resistant carrier rate from 4-3 to 32-1 per cent, and the streptomycin- 
resistant carrier rate from 0 to 16 per cent. No significant changes 
in crude carrier rates had occurred in the training school or during 
the second period of 5 weeks in the wards. The same trends occurred 
in each of the five consecutive groups. 

Detailed analysis of the carrier rate 

Of the 127 nurses admitted to the training school 104 were still 
in the hospital at the final swabbing. The results of these 104 nurses 
are therefore suitable for detailed analysis. The figure shows the 
overall carrier rates of these 104 nurses, which did not differ 
substantially from the crude carrier rates given in table I. The results 
have been analysed with reference to the frequency of positive swabs, 
duration of carriage of particular strains, the relationship of environ¬ 
ment to changes in the carrier state, association of change in type 
carried with antibiotic production, and the distribution of phage 
types among the strains isolated. 

It should be noted that a number of strains were not typable with 
the phages available. However, if successive non-typable strains 
from the same person showed identical colonial appearances, sensitivity 
to penicillin and streptomycin and degree of inhibition by R.2476, 
they were regarded as being identical. In cases of doubt, the previously 
isolated dried strains were opened and compared with these freshly 
isolated. 

Frequency of positive swabs 

Table II gives the analysis of the number of occasions on which 
positive swabs were obtained from the same individual among 101 
nurses. It also shows in how many of those giving positive swabs 
a change in strain occurred at subsequent swabbings. 

Sixteen (15-4 per cent.) were consistently negative. Thirteen 
(12-6 per cent.) were positive on one occasion only. Of these, t 
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Percentage 

of 

Nasal 

Carriers 



Fia.—Nasal earner rates of Staph, pyogenes, of penicillin resistant strains of Staph 
pyogenes and of penicillin- and streptomycin resistant strains of Staph pyogenes 
m 104 trainee nurses swabbed on 4 occasions m 1C weeks P.T S. := preliminary 
training school. 


Tabus H 

An analysis of the nasal carrier state of 104 nurses each swabbed 
on 4 occasions over a period of 16 weeks 


Observation 

Number 

Ter cent * 

Negative on 4 occasions .... 

10 

15 

Positii e on 1 occasion .... 

13 

13 

Positne on 2 occasions .... 

21 


(a) same strain ..... 

n > 


(6) different strain .... 

io i 


Positive on 3 occasions .... 

16 


(a) samo strain .... 



(6) 2 different strains .... 

8 i 

15 

(c) 3 different strains .... 

2j 


Positive on 4 occasions .... 

38 


(a) same strain ... 

29 ) 


(6) different strain 

0} 

37 


• To nearest whole number Corresponding figures In text gl\ en to first place of decimals 
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showed only a few colonies, four gave a. large number of colonies 
followed by negative swabs, and in two large numbers of colonies 
were obtained at the final swabbing. The majority of these single 
positive swabs can be regarded therefore as the result either of con¬ 
tamination of the nose just before swabbing or of only temporary 
colonisation. Twenty-one (20-2 per cent.) yielded two positive swabs. 
In 13 of these, the positive swabs were obtained on consecutive 
occasions after the nurses had gone into the wards. From 9 the same 
strain was isolated on both occasions and these positive cultures can 
be regarded as the result of colonisation of the nose consequent upon 
exposure to the staphylococci of the ward environment. All save one 
were penicillin resistant. From the remaining 4 of these 13 nurses 
different strains were isolated at each swabbing hut all were penicillin 
resistant. 

In 2 cases two positive swabs, both of the same type, were 
obtained in the training school and were followed by two negative 
swabs. In the remaining 6 nurses a first or second positive swab 
was followed by a negative, and at the 3rd or 4th swabbing a different 
strain was obtained. There were no cases in which the same strain 
could be identified from two positive swabs separated by a negative 
swab. This suggests that in intermittent carriers a strain previously 
present not detected at subsequent swabbing is unlikely to appear 
again unless re-introduced from the environment. From 16 (15-4 per 
cent.) nurses three positive swabs were obtained. In 6 of these 
the same strain was detected on 3 consecutive occasions. In 8 nurses 
different strains appeared after a negative result and in 2 three 
different strains were obtained on 3 different occasions. These last 
10 nurses may therefore be regarded as intermittent carriers. 

Four positive swabs were obtained from 38 (36-5 per cent.) of the 
nurses. From 29 the same strain was isolated on each occasion, 
that is, each nurse was a constant carrier of the same type during the 
16 weeks she was observed. A change in the type of strain carried 
occurred in 9 nurses. From 8 of them a penicillin-resistant strain 
was isolated at the third or fourth swabbing. In the ninth nurse 
different strains were isolated at the first two swabbings while at the 
third and fourth swabbings two further strains were present together 
on each occasion. 

Environment and changes in the cabbies, state 

Changes in the preliminary training school. The six weeks spent 
in the preliminary training school served as a control period during 
which we could assess changes in the carrier state of individuals not 
exposed to the specific influence of the ward environment, although 
closely associated in the classrooms of the school. Although the 
crude carrier rates at the beginning and end of the school were identical, 
examination of the individual histories showed that some changes 
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had in fact taken place. Of the 50 non-carriers on entry, 8 had become 
carriers ; and of tho 54 carriers, 8 had become non-carriers and one 
had changed in type. Nine of 104 nurses, therefore, had acquired 
new strains in the training school. These 9 nurses were scattered 
throughout the five groups and a different strain was isolated from 
each. Seven of the strains were penicillin sensitive. Two were 
penicillin resistant and it is perhaps of some significance that one 
of these was obtained the day after the nurse concerned had returned 
from spending a week in the nurses’ sick bay in tho main part of the 
hospital. There was no evidence, therefore, that the environment of 
the training school tended to give rise to the carrier state or that 
any particular strain was widespread there. There also appeared 
to be little evidence of exchange of nasal strains between individuals 
living and working in fairly close contact in the school. 

Changes in the hospital wards. At the end of 5 weeks in the wards, 
the position was as follows. Of the 54 carriers entering the wards, 
8 had become non-carriers, 37 were still carrying the same strain as 
before and 9 had changed in type. Twenty-eight of the 50 non-carriers 
had become carriers, and negative swabs were obtained from 22. 
Thirty-seven (35-5 per cent.) of the 104 nurses had therefore acquired 
new strains in the wards, compared with 9 (8-G per cent.) in the 
training school. This difference of 2G per cent, between wards and 
training school is highly significant — 21-88, P<0-001). Twenty- 
seven of the 37 strains acquired in the wards were penicillin resistant. 

At the end of tho second five weeks in tho wards further changes 
had taken place. Of the 74 carriers, 50 were still carrying the same 
strain, 13 had become non-carriers and in 11 there had been a change 
in type. Of the 30 non-carriers at the beginning of this period, 10 
had become carriers. Nineteen of the 21 strains acquired during this 
period were penicillin resistant. 

During the 1G weeks of the investigation there was a proportion 
of carriers, therefore, who became non-carriers. This tendency was 
not correlated with environment sinco the proportion of carriers 
becoming non-carriers during the period in the training school and 
during the two periods of five weeks in the wards were 14-9, 14-9 and 
17-4 per cent, respectively. 

One further question can be answered by a study of the individual 
histories. When exposed to staphylococci of the ward environment 
did non-carriers acquire such strains more readily than those who 
were already carriers on entering the wards ? During the first 5 weeks 
in the wards 28 (56 per cent.) of the 50 non-carriers became carriers, 
compared with 9 (1G-6 per cent.) of 54 carriers who acquired strains 
different from those previously carried. This difference of 39-4 per 
cent, in favour of non-carriers acquiring ward strains is highly 
significant ( x • = 17-48, P< 0-001). When the second period in tho 
wards is considered the difference is not so great, 11 (14-9 per cent.) 
of 74 carriers acquiring different strains compared with 10 (33 per 
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cent.) of 30 non-carriers becoming carriers. This difference of 18-1 
per cent, is significant (y 2 ~ 4-45, P<0-05) but it suggests that by 
this time the non-carriers consisted chiefly of those -who possessed 
a high degree of resistance to colonisation of their noses by Staph, 
pyogenes. 


PjRODtrCTION 03? ANTIBIOTIC BY THE NASAL ST RAIN S 

Some strains of staphylococci are known to produce an antibiotic 
capable of inhibiting the growth in artificial media of Corynebacteria 
and of other strains of staphylococci. Jennings and Sharp (1947) 
found that 23 of 202 strains of staphylococci examined were actively 
inhibitory for Corynebacterium xerosis and that most of these 23 strains 
also inhibited Staph, aureus, strain H. The possibility of a correlation 
between ability of a strain of Staph, pyogenes to produce antibiotic 
and its ability to replace in the nose another strain not producing 
antibiotic is therefore of considerable interest. 

Two sets of data might be expected to provide evidence of such 
a correlation, namely, those in which there had been a change in the 
strain obtained at consecutive swabbings and those in which two 
distinct strains had been isolated at a single swabbing and in which 
the subsequent history was available. 

There were 21 occasions on which different strains were isolated 
at successive swabbings. In one nurse both strains were antibiotic 
producers. In 13 nurses both strains were antibiotic-negative. In 
2 nurses an antibiotic-negative followed an antibiotic-positive strain 
and in the remaining 5 an antibiotic-positive followed an antibiotic- 
negative strain. It is impossible, however, to be certain that in the 
interval between swabbings the individual did not become a non¬ 
carrier and then subsequently acquire the new strain. The consistency 
of the values obtained for conversion to the non-carrier state contrasted 
with the increase in carrier rate during the periods in the wards suggests 
that such an occurrence was probably not frequent; but the evidence 
offered by this set of data is inconclusive. 

There were 13 occasions on which two strains were isolated from 
the same swab. On 5 occasions both strains were antibiotic-negative. 
On 8 occasions one strain was an antibiotic producer capable of 
inhibiting on artificial media the growth of the other strain. In two 
of the nurses the pair of strains was isolated at the final swabbing and 
no further information was available. In one case neither strain was 
isolated at the next swabbing. In 3 cases the surviving strain was 
antibiotic negative and in 2 cases it was an antibiotic producer. 

The results, admittedly obtained with a very small number of 
strains, do not provide any basis for the hypothesis that the ability 
to produce an antibiotic substance in artificial media endows a strain 
with the ability to supplant a non-antibiotic-producing strain already 
present on the nasal mucosa. 
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Phage types of Staph. pyogenes isolated 
The association of phage typo with antibiotic production and 
with penicillin- and streptomycin-resistance in the 149 distinct strains 
isolated is shown in table III. Where the same strain was isolated 
on successive occasions from an individual it was counted only once 
in compiling the table. 

Table Ut 


Distribution of phage types, antibiotic production and resistance to penicillin and 
streptomycin in 149 strains of Staph, pyogenes isolated from the noses of 
127 nurses 


pin Be type 

Xumbcr 

Antibiotic 

producers 

Penicillin 

resistant 

Streptomj cln 
resistant 

3A/3B/3C/51 . 

23 

19 

0 

0 

6, 6/47 

8 

0 

1 

0 

7/47 .... 

15 

9 

12 

3 

29/44/52 . 

14 

0 

0 

0 

31B . 

18 

3 

18 

9 

42D .... 

o 


1 


42F .... 

5 


3 

2 

47, 47/31B 

20 

■111 

17 

10 

47A . 

1 


0 

0 

47 C .... 

8 


3 . 

0 

Not typnble 

35 

5 

5 

o 

Totals 

149 

41 

(27*5 per cent.) 

GO 

(40*3 per cent.) 

26 

(17*4 per cent .) 


Forty-one (27-5 per cent.) of the strains were antibiotic producers, 
but it is noteworthy that strains lysed by one or more of the closely 
related phages 3A, 3B, 30 and 61 provided a large proportion of these, 
19 of 23 strains belonging to this group being antibiotic producers. 
Nine of 15 strains belonging to type 7)47, 4 of 8 belonging to type 
47C and 3 of 18 belonging to type 31B produced antibiotic. All these 
types are closely related. Five of the non-typable strains were 
antibiotio producers, 4 of these being coagulase-positive citreus strains. 
No strains belonging to the group lysed by the related phages 29, 
31, 44 or 52 or to types 6, 6/47, 47 or 47/31B produced antibiotic. 
There is a fairly close association, therefore, between phage type 
and the ability to produce antibiotic. 

It has already been noted (Barber and Whitehead, 1949 ; Rountree, 
Barbour and Thomson, 1951) that penicillin-resistant and strepto¬ 
mycin-resistant strains of Staph, pyogenes tend to belong to the group 
lysed by phages 6, 7 and 47 or by related phages. This association was 
also observed during the present investigation and the predominance 
of resistant strains of types 7/47, 31B, 47 and 47/31B is shown in 
table HI. At the same time, however, this predominance is a reflection 
of the fact that these strains of staphylococci were also those most 
frequently isolated from the hospital environment, being found in 
many patients cross-infected in hospital and in the air and dust of 
the wards. 
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Discussion 

The investigations of Miles et al. (1944) and of Williams (1946) 
indicated that people might be persistent nasal carriers, persistent 
non-carriers or intermittent carriers of Staph, aureus. Our observations 
have confirmed their findings and the phage-typing method has 
provided some additional information on persistent and intermittent 
carriers. The persistent carriers tended to carry always the same 
strain, 29 of 38 carrying the same strain for at least 16 weeks. With 
the intermittent carriers, it was found that strains isolated after an 
interval of non-carriage were of different type from those previously 
present, indicating that a negative swab is not the result of failure 
to detect organisms actually present but is indeed due to the absence 
of Staph, pyogenes from the nasal mucosa. Increases in carrier rates 
consequent upon hospitalisation can therefore be regarded as the 
result of implantation in the nose of hospital strains and not of 
activation of a latent carrier state. 

Only a small number of nurses carried more than one type of 
Staph, pyogenes on any particular occasion. Furthermore, although 
the nurses were exposed to a ward environment heavily contaminated 
with staphylococci, it was noteworthy that a large proportion of those 
who were already carriers on entering this environment did not 
acquire the ward strains. Implantation of the penicillin-resistant 
ward strains occurred chiefly in those who had been non-carriers or 
intermittent carriers. These facts suggest that the presence on the 
nasal mucosa of one strain of Staph, pyogenes is a reasonably effective, 
although not absolute, barrier to the establishment of an added strain. 
The mechanism of this “ exclusion ” is unknown and no evidence 
could be found that it was correlated with the production of antibiotic 
by the already established strain since only 5 of the strains isolated 
from the 29 persistent carriers of the same strain were antibiotic 
producers. 

The actual source of the strains implanted in the nurses’ noses 
while they were in the wards is of some interest. Since there was 
little evidence of any exchange of nasal flora in the training school, 
direct infection from other more senior nurses in the wards already 
carrying the hospital strains was unlikely. On the other hand, infected 
dressings from patients, bedclothes and dust are known to be potent 
sources of these staphylococci. The junior nurses do not handle 
patients’ dressings but their duties include the making of beds. Air 
samples taken in the wards during bedmaking have shown large 
counts of Staph, pyogenes of the types found in the nurses’ uasal swabs. 
Implication of the patients’ bedclothes as the source of the nurses 
strains is therefore obvions. 

Williams (1946) has pointed out that the statement that the 
average nasal carrier rate for Staph, aureus is in the region of 50 per 
cent, does not give a complete picture of the magnitude of the nasa 
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reservoirs of staphylococci. He found that 80-90 per cent, of people 
examined over a period of 10 weeks were nasal carriers on one or 
more occasions. Our figures for a period of 16 weeks showed that 
only 16-4 per cent, of the nurses were persistently negative, and 
agree well with those of Williams. Whether swabbings at more frequent 
intervals would have produced more positive results cannot bo deter¬ 
mined. However, the numbers of the negative carriers and of those 
positive on only one occasion suggest that only a small proportion of 
people possess absolute resistance to colonisation of the nasal mucosa 
by Staph, pyogenes. That this resistance increases with age is indicated 
by the fact that 90 per cent, of babies bom in hospital become heavy 
nasal carriers within 7 days (Cunliffe, 1949 ; Rountree and Barbour, 
1950). Moreover, observations still in progress on carrier rates in 
older hospital patients exposed to the same ward environment as the 
nurses have shown that few of these people became carriers of the 
hospital strains. 

Summary 

A study has been made of the nasal carrier rate of Staph, pyogenes 
in first-year trainee nurses, primarily to determine at what stage in 
their hospital career they became carriers of penicillin-resistant strains. 

Within 5 weeks of their entering the hospital wards, the nasal carrier 
rate rose from 52-6 to 71-4 per cent, and the rate for penicillin-resistant 
strains from 4-3 to 32-1 per cent. Compared with those who were 
already carriers of Staph, pyogenes on entering the wards, a greater 
number of non-carriers acquired the penicillin-resistant ward strains. 

Analysis of the carrier rate obtained at 4 separate swabbings over 
a period of 16 weeks showed that 15’4 per cent, of 104 nurses were 
persistent non-carriers while 36 '5 per cent, were persistent carriers. 
The majority of the persistent carriers always carried the same phage 
type of Staph, pyogenes. At each swabbing a certain proportion 
(15-17 per cent.) of previous carriers had become non-carriers. 

At least 90 per cent, of the carriers carried only one type of Staph, 
pyogenes on any given occasion. The presence on the nasal mucosa 
of an established strain appeared to impede the establishment there of 
any other strain. There was no evidence that this phenomenon could 
be associated with the ability of a given strain to produce antibiotic 
in artificial media. Ability to produce antibiotic was found, however, 
to be associated with certain phage types. 

This investigation was supported in part by » grant from the Australian 
National Health and Medical Research Council. 
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A SIMPLE TECHNIQUE TOR MAKING SMEARS OF DEPOSITS 
FROM SMALL QUANTITIES Or PLUID EXUDATES 

J C de W Beckeh and H G Robertson 
South African Institute for Medical Research, Johannesburg 

The purpose of this publication is to desenbo a very simple method of preparing 
satisfactory smears from exudates such as cerebrospinal fluids m tuberculous 
meningitis The method we have used in the past and which is generally 
adopted is to spin the cerebrospinal fluid for one hour at 3000 r p m and make 
smears from as much of the deposit as can be obtained by scraping the bottom 
of the centrifuge tube with a bacteriological loop For some time, however, 
it has been felt that in spite of attempts to secure the wholo deposit from these 
fluids, some of it must be left behind and possibly some “ positive ” tuberculous 
meningitis fluids may have been missed Accordingly, the following technique 
has been evolved 

A hard gloss tube mto which a J inch circular coverslip will just fit, is chosen 
Non nutrient agar at a strength of 6 per cent is added in sufficient quantity 
to fill the rounded bottom of the tube On cooling, a tough flat surface is 
present at the bottom of the tube A coverslip marked to indicate the correct 
side is dropped mto tho tube and the cerebrospinal fluid added The whole 
is then centnfugalised m the usual way and, when the tube is removed from 
the centrifuge, the supernatant fluid can be poured off, leaving the coverslip, 
with the deposit firmly adherent to it, slightly adhering to the agar The cover 
slip is then gently remo\ ed quite easily by means of a bent probe and attached 
to a microscope slide prepared by placing a small quantity of Canada balsam 
on top, then heatmg the ehdo until the Canada balsam is fairly fluid The 
coverslip is placed on the Canada balsam and by the tune the slide has cooled 
it is firmly adherent Before attaching the coverslip it is gently warmed to 
dry it and the preparation fixed by heat after placing the coverslip on tho end 
of the microscope slide The preparation is stained in the usual manner and 
our experience so far is that the coverslip does not detach during staining It 
has been found that the deposit is a thin even smear which is easily examined 
with the advantage that the edge of the preparation is clearly defined by the 
edge of the coverslip It seems justifiable to assume that almost the whole 
deposit from the cerebrospinal fluid is recovered by this method 

After use, the tubes are cleaned by removing the agar, boiling in water, 
brushing with soap and water, rinsing and autoclavmg 


Summary 

A simple method of obtaining the wholo deposit from small quantities of 
fluid exudate, particularly cerebrospinal fluid from cases of tuberculous 
meningitis, is described 
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A METHYL GREEN-PYRONIN-ORANGE G STAIN FOR 
FORMALIN-FIXED TISSUES 

D. J. Tkevait and Annette Sharrock 
Wellcome Research Laboratories, Beckenham, Kent 

Since the introduction of methyl green-pyronin staining mixtures by 
Pappenheim (1899) most workers have preferred alcohol to formalin as a 
fixative for material to be stained in this way (Schmorl, 1934 ; Conn and Darrow, 
1947). Formalin is a far more satisfactory anatomical fixative than alcohol 
and this paper describes a methyl green-pyronin-orange G stain which gives 
beautiful and consistent staining of formalin-fixed tissue sections. The effect 
is that given by Pappenheim staining of alcohol-fixed material, without the 
distortion resulting from alcohol fixation, and with the additional staining of 
acidophil elements with orange G. The method is a simple progressive one, 
using a single staining solution. 

Solutions 

N.B. “ Water ” and “ aqueous ” refer to distilled water unless otherwise 


stated. 

Fixative 

Formalin (A.R.) ........ 1250 ml. 

Saturated solution NaCl in tap water . . . .270 ml. 

Precipitated chalk (CaC0 3 ) .... about 10 g. 

Tap water to . . . . . . . . . 101. 

Shake well before pouring out. 

Slain 

Solution A 

5 per cent, aqueous pyronin (see Note 1) 17-5 ml. 

2 per cent, aqueous methyl green (see Note 2) . . 10*0 ml. 

Water. 250 ml. 

Solution B 

1 -0 per cent, aqueous orange G . . . .30 ml. 

M/5 acetate buffer, pH 4-8 (see Note 3) . . . . 200 ml. 


Both these solutions will keep for many months in hard glass glass-stoppered 
bottles ; the stoppers should be covered with small beakers to discourage the 
entry of moulds. The working solution is made by mixing equal volumes of 
solutions A and B ; it will keep for about a fortnight in a Coplin jar. 

Dehydrating and clearing fluids 
Acetone (in a drop bottle) 

Acetone-xylene equal parts (in a glass-stoppered jar) 

Acetone 10 per cent., xylene 90 per cent., by volume (in a Coplin jar) 
Xylene I 
Xylene II 
Mountant 

D.P.X. (Kirkpatrick and Lendrum, 1941). We can no longer obtain 
“ Distrene 80 ”. “ Lustron, crystal clear, L 2020 ” (Monsanto Co.) 

is a suitable substitute. 


Procedure 

1. Fix t hin pieces of tissue as fresh as possible (see Note 4), for three days 
or longer. Dehydrate in graded alcohols, clear in cedarwood oil, rinse in xylene, 
imbed in paraffin. 
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2 Cut sections 3 5 p thick, take down to water m the usual way, and blot 

3 Stain in the working solution 10 minutes to 24 hours—the exact time 
makes little difference 

4 Rinse in running distilled water for a few seconds A little of the pyronin 
is removed at tins stage, and the exact time for perfect results should be found 
by trial Our routine time is seven seconds Blot nearly dry 

5 Dehydrate quickly with acetone, rinse rapidly in acetono xylene followed 
by 10 per cent acetone in xylene and two changes of xylene Mount mDPX 

Result3 

Nuclei, mast cell granules (occasionally) green or blue green 

Mucus green 

Muscle, epithelial cytoplasm, nucleoli, young myelocyte granules pink or 
pinkish orange 

Erythrocytes, granules of polymorphs and eosinophils, Panoth cell granules 
orange 

Keratin, collagen glia fibres, necrotic material paler orange 

Cytoplasm of lymphocyte and plasma cell senes deep magenta 

Cytoplasm of erythroblasts, basophil cytoplasm generally (c g Nissl substance, 
pancreatic acinar cells, hepatic parenchyma), bacteria shades of magenta 

Mast cell granules (usually) \ ery dense red brown to (almost) black 

The method is particularly useful m the study of lymph nodes, bone marrow, 
inflammatory reactions and tumours 


Notes 

1 Not all dyes sold as pyronin are suitable Some samples precipitate 
orange G We test samples as follows — 

In a series of tubes, 0 3 per cent solutions of the pyronin are made in M/5 
acetate buffers of pH 3 6, 4 2, 4 8 and 5 2 An equal volume of 0 1 per cent 
aqueous solution of orange G is added to each tube With a satisfactory pyronin, 
no precipitate should form in the pH 4 8 and 5 2 tubes , at pH 3 6 there may 
be a slight precipitate and at pH 4 2a precipitate may form during twenty four 
hours, but not immediately More precipitation than this indicates that the 
pyronin is unsuitable We have found satisfactory a sample from G T Gurr, 
labelled “ Pyronin, batch 1640 ”, obtained m October 1050 This is of a bluish 
shade , it was sold as “ Pyronin Y ” Samples of ” Pyronin Y ” from other 
sources were a more yellowish red colour and precipitated orange G heavily 

2 The methyl green must he heptamethylpararosaniline (salt) CI no 684 , 
it must be freed from methyl violets by repeated extraction of a 2 per cent 
aqueous solution with se\ oral changes of cliloroform in a separating funnel, 
until the chloroform layer remains colourless Wo have called the resulting 
supernatant ** 2 per cent methyl green ”, although it contains less dye than 
this by the amount of violets extracted At present we are using “ methyl 
green Cl 684, hatch 150, G T Gurr ” 

It has been stated that methyl green readily decomposes to yield methyl 
violets (Conn, 1946) We have found that a 2 per cent solution from which 
the violets have been extracted can be kept for 6ix months without yielding 
sufficient methyl violet to colour chloroform used to extract it 

We have some samples labelled “ methyl green ” which are soluble m 
chloroform and are useless for the present purpose One of these is spectro 
photometrically similar to malachite green, which is no substitute for methyl 
green in our method 

3 We make the acetate buffer by titrating M/5 sodium acetate solution, 
with 6 5 per cent aqueous acetic acid solution, to pH 4 80-fO 02, measured with 
a glass electrode A variation of 0 05 of a pH unit either way alters the staining , 
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higher pH levels give more of the green stain, lower levels, more of the red. 
This can be corrected to some extent by altering the proportion of pyronin to 
methyl green ; but at higher pH levels orange staining is fainter, and at lower 
levels orange G is precipitated by pyronin. However, we found that at pH 5-6, 
for example, the effect of small deviations in pH or in the proportion between 
the basic dyes is very much less than at pH 4-8; and although at the lower 
pH collagen is stained only faintly, polymorph and eosinophil leucocyte granules 
and erythrocytes are satisfactorily shown if extra orange G is used and there is 
less tendency to “ blueing ” of the nuclei with pyronin overlaying the green 
stain. The higher the pH, the less stable is the solution ; methyl green is 
converted to a colourless soluble base, and pyronin to a coloured insoluble base 
or to its insoluble salt with orange G. The table shows what we have found 

Table 


Amounts of dye to be added to 100 ml. of Mj 10 acetate buffer 


J>H of buffer 

Pyronin 

(ml. of 5 per cent.) 

Methyl preen 
(ml. of 2 per cent.) 

Oranpe G 
(ml. of 1 per cent.) 

4-2 

3-8 

5-0 

(precipitates) 

4-6 

3-8 

3-5 

5-0 

4-8 

4-3 

2-5 

6-0 

5-2 

7-0 

2-5 

9-0 

5-6 

10-0 

2-5 

12-0 

6-3 

13-8 

2-5 

30-0 


to be the correct proportions of our dye samples, in staining mixtures made at 
different pH levels. As pyronin, in particular, varies greatly in dye content, 
it may be necessary to find the correct proportions for other samples by trial, 
The concentration of buffer is not so critical. 

4. If the tissues are not fresh when fixed, or are fixed in acid formalin 
(below pH 4), the green nuclear stain is replaced or overlaid with pyronin 
staining. It has been stated (Kumick, 1949-50 ; Kumick and Mirsky, 1949-50) 
that methyl green combines with deoxyribonucleic acid only in its natural, 
polymerised form, and that pyronin stains ribonucleic acid and depolymerised 
deoxyribonucleic acid. It may be that autolysis, or acid fixation, depolymerises 
deoxyribonucleic acid. We have found that material that has been well fixed 
in “ neutralised ” formalin can be subjected to acid solutions (e.g. decalcifying 
agents) without interference with subsequent methyl green staining of nuclei. 
Mucus is stained green even in material fixed in acid solution. 


Summary 

A method is given for the staining of paraffin sections of formalin-fixed 
material with a methyl green-pyronin mixture to which orange G has been 
added to stain acidophil elements. It is particularly useful in the study of lymph 
nodes, bone marrow, inflammatory reactions, and tumours. 

We should like to acknowledge our debt to Dr C. L. Oakley for assistance 
in the preparation of this paper. 
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RAPID TENTATIVE POST-MORTEM DIAGNOSIS OF INFLUENZA 

WITH THE AID OF CYTOLOGICAL SMEARS OF THE TRACHEAL 

EPITHELIUM 

J. F. P. Hers and J. Mulder 

From the Institute of Pathology and the Clinic for Internal Medicine, 
the University Hospital, Leyden, Holland * 

(Plates XX.VIII and XLIX) 

Since 1918 evidence has beon accumulating that human influenza may be 
recognised post mortem by the fact that the ciliated and goblet cells of the 
tracheal and bronchial mucosa ore destroyed by the virus, while the basal layer 
of epithelial cells is preserved. For the literature of this subject see Straub 
and Mulder (1948) and Mulder and Verdonk (1949). The question now arises 
whether it would bo possible for the pathologist at a post-mortem examination 
to suggest from the examination of cytological smears from the tracheal mucosa 
the probability that the cose in question is one of influenzal virus infection. 

During the epidemic of influenza A-prime in Holland in January and 
February 1949 (van Bruggen et al., 1950), we had the opportunity of investigating 
this point at 8 post-mortem examinations. One patient (case 3 in the table, 
p. 331) came from the psychiatric clinic, “Endegeest ”, and the lungs and a 
portion of the trachea of case 6 were kindly sent to us from Groningen by 
Drs. C. van Oven and T. G. van Kijssel. 

Technique 

All patients who died with acute bronchial or pulmonary symptoms during 
the course of the epidemic were submitted to autopsy as soon as possible and 
in every case within 4 hours of death. A tracheal cylinder about f in. in length 
was excised just above the bifurcation with a very sharp sterilised knife. A 
sterile loop was then passed over the surface of the mucous membrane and 
from this layer a wet methylene-blue preparation was made. Other smears 
were stained, after drying, with May-Grunwald-Giemsa. Cultures on blood- 
agar and Levinthal-agar were made from the same portion of the trachea, 
which was then preserved at a temperature of —130° C. The remainder of the 
trachea was fixed in toto in formalin without being opened or washed out and 
histological sections were made from the part contiguous to the excised cylinder. 
In all cases, after clamping the arteries, the heart and lungs were removed, also 


* With the financial support of the Hippocrates Fund for Medical [Research, the 
Institute of Preventive Medicine, Leyden, N. V. Philips-Roxane, Weesp, the State 
Department of Science and Education, the Jan Dokker Fund and the Curasao Fund 
for Preventive Medicine. 
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in toto, and some blood was taken from the heart to be tested for antibodies 
against influenza virus. This test may show at what period of the influenzal 
attack the patient died, because the clinical diagnosis was not always made 
during life and no blood serum was available in the clinic for immunological 
investigations. 

Cytologlcal picture of normal tracheal epithelium in 
methylene-blue-stained smears 

This consists of three different kinds of cells:—(1) ciliated epithelium, 
(2) goblet cells and (3) basal cells. All three can be easily recognised (figs. 1-4). 


Virological and serological examination for influenza 

From none of the patients were any garglings or sputa available for virological 
examination because all were very ill on admission. Two died on the day after 
admission, the others after only a few hours. No clinical data were available 
for case 3 and no blood serum for serological examination was available from 
2 of the 8 cases. The cylindrical portion of the trachea was cut open after 
being thawed and the mucous membrane scraped off with a sharp spoon. This 
was ground with sterile sand in 10 ml. of phosphate buffer (pH 7-0), to which 
were added penicillin (500 units/ml.}, streptomycin (500 units/ml.) and sulpha- 
methylpyrimidine (200 mg. per 100 ml.). The emulsion was inoculated into 
the amnion of ten 13-day-old chick embryos. After three days’ incubation at 
a temperature of 35° C. the amniotic fluid was examined for influenza virus. 
Two amniotic passages were performed if no virus was found in the 
first fluids. In the course of the epidemic, experience showed that in the positive 
cases the first amniotic inoculation usually contained virus and the second 
passage did so in every instance. It is reasonable to assume, therefore, that 
the obtaining of two negative amniotic passages clearly indicates that no 
influenza A virus is present, though influenza B might be. All strains isolated 
were classified serologically with antisera of ferrets against influenza B, strain 
Lee (U.S.A., 1940), swine influenza, Shope 15 (U.S.A., 1940), A-WS (England, 
1933), A-PR8 (U.S.A., 1933), A (Holland, 1941), A-prime Rhodes (U.S.A., 
1947), FM1 (TJ.S.A., 1947), or Heer (Holland, 1949). AH isolated strains clearly 
belonged to the A-prime group (van der Veen and Mulder, 1950). Portions of 
the inflamed lungs were examined in the same way to find out if they contained 
influenza virus. 

In our opinion the significance of demonstrating influenza virus in trachea 
and lungs has not been ascertained. Since we found that garglings may contain 
an influenza-virus concentration of 10~ 7 per ml., it is clear that virus, which 
may have been aspirated ante mortem, can be isolated from the respiratory 
tract and the lungs. Quantitative examinations may perhaps shed light on 
this question, until methods have been devised which will demonstrate the 
virus in situ in the cells of the respiratory tract, including the lungs. 

The blood serum was titrated for antibodies with the aid of the hem¬ 
agglutination-inhibition test against the strains A-PR8, A-prime Rhodes and 
Heer. The complement-fixation test was performed against A-PR8 or A-priroo 
Rhodes and against influenza B Lee. With one exception all titres were very 
low, so that it was evident that the patients with a positive virus isolation had 
died within 5 or 6 days of the onset of the disease. In one case (no. 8) the bloo 
serum showed inhibiting titres of 4100 against the strain PR8, 3550 against the 
A-prime strain Rhodes and 2300 against the A-prime strain Heer. In the 
complement-fixation test the titres were 10240 against PR8 and 40 against 
Lee (the lowest dilution of the serum). The positive titres are so high tha 
they may be taken as proof of a recent infection with influenza A (A-prime). 



io 1 —Case 1 Control C> tological smear Fic 2 —Cnso 1 Control Corresponding section 

from trachea Normal epithelium with of trachea Normal ciliated epithelium Clear 

goblet cells, but ciliation not visible in tin* signs of inflammation x GOO 

area Methylene blue XllOO 



Fio 3 Case 2 Control Cyto Fig 4 —Case 2 Control Corresponding section of 

logical smear from trachea, show- trachea Normal ciliated epithelium with goblet cells 

mg normal ciliated epithelium No sign of inflammation X 600 

Methj lene blue x 1200 






Table —Survey of six cases of influenzal pneumonia with epithelial lesions in the respiratory trad and two control eases ( nos. I and 2) 


OTTO LOGICAL DIAGNOSIS OF INFLUENZA 


331 



332 


J. F. P. HEPS AND J . MULDER 


Results of the examination 

From the data in the table it may be seen that 6 out of the 8 eases analysed 
were due to an infection with influenza virus and that 7 of the patients 
were women. Patient no. 8 suffered from cirrhosis of the liver and died of 
haemorrhage from an oesophageal varix. There was a large focus of purulent 
inflammation in the dorsal segment of the left lower lobe. Cases 4, 5 and 6 
showed extensive fibrino-purulent tracheo-bronchitis caused by Staphylococcus 
aureus. This was absent in cases 3, 7 and 8. Cases 7 and 8 showed a slight, 
probably bacterial, tracheitis. Case 3 showed no signs of bacterial inflammation 
in the tracheal mucosa. Cases 3 (figs. 5 and 6), 4, 5 (figs. 7 and 8) and 6 could 
easily be identified as influenza from the eytological smears, since the ciliated 
epithelium was either entirely absent or showed distinct necrobiosis. In 
cases 7 and 8 judgment was more difficult, as the ciliated epithelium was not 
entirely absent, but showed distinct degeneration in places. Sections of the 
trachea also showed areas of local epithelial degeneration. The ciliated epithelium 
at higher levels of the trachea in case 7 and of the bronchi in case 8, however, 
was unmistakably destroyed and showed regenerating undifferentiated 
epithelium. The eytological smear of case 5 showed mitosis of the basal cells 
(figs. 7 and 8). 

It is evident that eytological examination of the trachea and bronchi by 
the smear method in cases like these can never yield any certainty as to the 
existence of an influenzal infection. To the pathologist and the virologist, 
however, they may indicate the possibility of the existence of an infection 
with epitheliotropie virus in the respiratory tract. As such, they may bo 
useful in suggesting to the virologist the desirability of undertaking a search 
for virus in the mucosa and to the pathologist of making a careful histo¬ 
logical study of the epithelium of trachea and bronchi. Further detailed 
eytological studies will probably shed more light on the finer structural changes 
which occur in the degenerations and regenerations of the respiratory tract 
epithelium in human influenza. 


Summary 

The authors are of the opinion that it may often be possible to suggest the 
existence of an influenzal infection in the course of a post-mortem examination 
by making an immediate eytological examination of the epithelium of the 
tracheal and bronchial mucosa. 

An influenzal viral infection is indicated if smears from the tracheal mucosa 
show complete absence or great reduction in number of ciliated epithelial cells 
and their replacement in whole or in part by undifferentiated and necrobiotic 
epithelium. 
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Fio 5 —Case 3 Cytological smear of trachea 
No ciliated colls Se% ere degeneration with 
hyperchromatism of nuclear wall Methy 
lene blue X1200 



i £ 


Fig 7—Case 5 Cjtologieal smear of 
the trachea No ciliated epithelium 
Two mitoses Methylene blue 
X1200 



Fig G —Case 3 Corresponding section of 
trachea No ciliated epithelium The basal 
layer of epithelial cells is preserved Distinct 
necrobiosis with swollen cells and nuclei 
some of them with hyperclironntism of the 
nuclear v all x 600 



Fig 8 —Case 5 Corresponding section of trachea 
Regeneration from basal cells to 4 or 5 layers of 
undifferentiated epithelium Swelling of cells and 
nuclei and hyperchromatism of nuclear wall 
Mitoses m a few cells x600 
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VARIETIES OF MYCOBACTERIUM JOHNEI ISOLATED 
FROM SHEEP 

A. Wilson Taylor 

Agricultural Research Council, Field Station, Complon , Berkshire 

Taylor (1945) confirmed the implication in the work of earlier authors that 
there are two diseases of sheep simulating Johne’s disease (paratuberculosis) 
of cattle. The first of these, true Johne’s disease of sheep, has been recognised 
for many years and is known in Europe, India, and America; it is caused by 
the classical typo of Myco. johnei, identical with the organism isolated from 
cattle. The second condition is widespread in Scotland and is characterised 
by the yellow or orange colour of the affected intestine and the enormous number 
of acid-alcohol fast bacilli present in the lesions. Attempts to isolate the 
organism responsible for this form of the disease have consistently failed and 
cultures have not so far been described. Johne’s disease of sheep in Iceland is 
another example of a similar condition caused by an organism resistant to 
artificial cultivation, for although the disease has been the subject of several 
recent papers (Sigurdsson and Tryggvad<5ttir, 1949) cultures have never been 
obtained (Palsson, personal communication ; Glover, personal communication). 

This paper describes the isolation in culture of strains of acid-alcohol fast 
organisms resembling Myco. johnei from sheep in Scotland and Iceland. 

Materials and methods 

From 1948-50, fifteen specimens of intestine from different sheep affected 
with Johne’s disease were received. One from Edinburgh was of the non- 
pigmented typo ; four with no unusual colouring came from Iceland ; and ten 
showing the orange-coloured typo of lesion came from Aberdeen and the north 
of Scotland. 

Mucous membrane from each piece of intestine was treated with oxalic 
acid to destroy contamination before inoculation on a number of different 
media, which included some of the following: Dunkin’s medium for Myco. 
johnei but without crystal violet; the American Trudeau Society’s egg-yolk 
potato medium ; a slightly modified Finlayson medium (Taylor, 1950) and 
Jamieson’s egg-yolk agar. All of these contained 4 per cent, of glycerine and 
approximately 1 per cent, of heat-killed Myco. phlci. In addition, Finlayson’s 
medium both with and without 4 per cent, of glycerine was used. 

Results 

The classical bovine type of Myco. johnei was isolated from one of the fifteen 
specimens examined : that received from Edinburgh. In primary culture it 
grew readily after four weeks’ incubation on Dunkin’s medium, modified 
Finlayson medium and the American Trudeau Society’s medium. Culturally 
and microscopically the growth was typical of Myco. johnei. There was no 
growth on media without killed Myco. phlei. 

Each of the four specimens from Iceland yielded a culture morphologically 
similar to Myco. johnei, but slower to develop. In primary culture no growth 
was apparent until the seventh week of incubation. It appeared on modified 
Finlayson’s medium as very small whitish colonies which did not increase 
greatly in size on further incubation. Growth never resulted on Dunkin’s 
medium either in primary culture or on first subculture, and profuse growth 
was not obtained on any medium even after the sixth subculture. Media 
without killed Myco. phlei do not support growth. 
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From each of the ten specimens of the orange-coloured type of lesion sent 
from the north of Scotland, highly pigmented strongly acid-alcohol fast bacilli 
were isolated. These grew well in primary culture on modified Finlayson medium 
after incubation for' from 6-8 weeks and nearly as well on good batches of 
American Trudeau Society’s medium ; but growth was not obtained on Dunkin’s 
medium or Jamieson’s yolk agar even after continuous incubation for periods 
of up to twelve months, nor has it occurred on media without the addition of 
killed Myco. plilei. Single colonies were smooth, convex, and glistening; the 
growth was soft, readily emulsified and of a bright orange colour. Secondary 
colonies, such as occur frequently with Myco. johnei, were not observed. The 
colour was present from the time of visible growth, developed in the incubator, 
and was affected neither by prolonged incubation nor exposure to light at room 
temperature. 

It was apparent that both the Icelandic and the pigmented strains differed 
from Myco. johnei in at least one of their cultural requirements in that neither 
would grow in primary culture on a medium containing a low proportion of 
egg yolk : Dunkin’s medium contains 15-20 per cent, of yolk and the modified 
Finlayson medium, 60 per cent. To test the value of egg yolk in supporting 
growth, therefore, media were prepared in which the proportion of egg yolk 
ranged from 15-60 per cent.: each medium contained in addition 4 per cent, 
of glycerin and 1 per cent, of heat-killed Myco. phlei. For the purposes of 
experiment, it was assumed that the egg white in the medium was inert. These 
media were inoculated with equal quantities of dilute suspensions of culture 
in Ringer solution and incubated for three months. The results in the table 

Table 


The growth of varieties of Myco. johnei on egg media with 
different proportions of yolk and white 



Growth in media with ere yolk (Y) and eRp white (W) 
in the amounts shown (per cent.) 


Y r = 15 
W = 60 

Y = 25 
W = 50 

r-f- 

« w 

il II 

Y = 50 
W = 25 

Y = 60 
W = 15 

Myco. johnei (bovine) primary 
culture 

- 

+ 

+ 

+ 

+ 

Icelandic strain, 6tli subculture 

— 

— 

+ 

+ 

+ 

Pigmented strain, 6th subculture . 
Pigmented strain, 3rd subculture . 

— 

— 

4 - 

+ 


— 

— 

— 

+ 

+ 

Pigmented strain, 2nd subculture . 

— 



+ 

+ 


— = no growth + = growth 


indicate that growth of either the Icelandic or the pigmented types in primary 
culture is unlikely on an egg medium containing less than 50 per cent, of yolk, 
whereas the classical bovine strains are less fastidious and can be grown on media 
containing only 25 per cent, of yolk. 

To compare the pathogenicity of the organisms for laboratory animate 
with that of Myco. johnei three pigmented and one Icelandic strain were eac 
inoculated separately into two guinea-pigs intraperitoneally and one rab i 
intravenously. One bovine strain was inoculated similarly as a control. 0 
cultures were grown on modified Finlayson medium for S weeks, suspends m 
Ringer solution and inoculated in a dose of 10-0 mg. The animals were tes e 
intradermally with 0-1 ml. of both avian and mammalian P.P.D. tubercu ins 
(Ministry of Agriculture) at three and again at seven weeks after inoculation, 
when they were destroyed for examination. In rabbits no response to ei er 
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tuberculin was produced by any of the strains and in guinea pigs, although the 
response was poor, the reaction to avian tuberculin was in each case greater 
than to mammalian The result of the autopsy on each animal was similar to 
that to be expected after the inoculation of a large dose of Myco johnci or some 
other Mycobacterium not normally considered pathogenic for laboratory 
animals All were in good bodily condition and lesions were not found except 
in one guinea pig, which showed one slightly enlarged and caseous mesenteric 
lymph node Cultures were prepared from the liver of the rabbits and the 
spleens and mesenteric lymph nodes of the guinea pigs Organisms were grown 
from the liv er of two of the five rabbits, from the lymph nodes of all the guinea 
pigs, and from four of the ten guinea pig spleens, but in each case the number 
of colonies was small, giving no suggestion of a progressive infection The 
pigmented strains showed no alteration in morphology or colouration after 
passage through the gumea pig 


Discussion 

The isolation m culture of two varieties of Johne’s bacilli hitherto considered 
resistant to cultivation tn vitro was accomplished by the use of a medium 
superior to that formerly employed in work of this nature and provides another 
example of the value of egg yolk as a major constituent of media used for the 
primary isolation of mycobacteria 

It is probable that neither the Icelandic nor the pigmented strains are 
other than \ arieties of the classical type of Myco johnci The three organisms 
are the apparent causes of what is, both clinically and pathologically, essentially 
the same disease in sheep and cattle The new strains have a uniformly low 
virulence for laboratory animals Further, the two varieties share with Myco 
johnci its unique requirement of an accessory factor in the form of killed acid 
fast organisms in the medium upon which it is grown 

Fundamentally the Icelandic strains appear to differ but little in vitro from 
Myco johnci The difference lies in their inability to grow on a medium which 
will support the classical type, and their slightly slower rate of growth On 
the other hand the ten pigmented strains probably form a definite type or 
variety of Myco johnci, and the distinction “ ovine type ” has already been 
suggested (Taylor, 1945) Their relationship with Myco johnci has been 
described in this paper, but the brilliant colour of the growth and the morphology 
and consistency of the colonies are all distinct from those of the classical type 
It is well known that the Mycobacteria as a genus have a tendency towards 
pigmentation, but this is not common among the pathogenic species except 
under certain well defined conditions The pigmentation of these cultures, 
however, appears to be an inherent character as it is present at all stages of 
growth and is not altered by animal passage Indeed the orange colour of the 
lesions of the disease in sheep, which was said by Taylor (1945) to be due to 
staining with bde, is in all probability caused by the colour of the organisms 
themselves as they are present in the lesions in very large numbers 


Summary 

Johne’s disease (paratuberculosis) of sheep may be caused by one of three 
related organisms (1) M johnei, the classical bovine type, (2) a similar 
organism isolated from sheep in Iceland , and (3) a highly pigmented organism 
isolated from sheep in Scotland 

Growth of the Icelandic and pigmented strains, hitherto said to be resistant 
to artificial cultivation, is described for the first time, both are probably 
varieties of the classical type 
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I am indebted to Dr S. Jamieson, Aberdeen, Dr P. A. Palsson, Reykjavik 
and Mr J. T. Stamp, Edinburgh, who provided the original material which made 
this work possible. 
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6i6.36—006.326 
A CASE OF LIPOMA OF THE LIVER 

Stretton Yotjng 

Department of Morbid Anatomy, Westminster Hospital, London 

(Prate L) 

References in the literature to lipomas of the liver are scanty. Weiss (1935) 
questions whether one has ever actually been found, while Rolleston and McNee 
(1929) state that “ Genuine fatty tumours do not occur in the liver ”, 

Case report 

Clinical history. The patient, a female aged 54, was known to be a diabetic 
and to have severe hypertension (B.P. 230/110) about 18 months before admission. 
The diabetic symptoms were controlled by diet. She was admitted to West¬ 
minster Hospital on 13.3.49 on account of precordial pain of 24 hours’ duration. 
On examination, a pericardial friction rub was heard. B.P. was 150/90. The 
liver was palpable four fingers’ breadth below the costal margin. Urine was of 
low specific gravity, and contained much albumin and a trace of blood, but no 
sugar. A diagnosis of decompensated hypertension with renal failure was 
made. She developed auricular fibrillation and began to vomit. The vomiting 
became more severe, and contained “ coffee ground ” material. She became 
progressively weaker and died 12 days after admission. 

Autopsy findings. The body was that of a very obese elderly female subject. 
The pleural sacs were dry. The lungs were firm and somewhat congested. 
The pericardial sac contained about half a pint of blood-stained fluid, and both 
layers of the pericardium were greatly thickened and roughened by recent 
fibrinous pericarditis. The heart showed gross left ventricular hypertrophy 
and, with the pericardium, weighed 33 ounces. 

The gall bladder was small and fibrotic and contained pigment stones and 
muco-pus. Externally the liver was normal. On section, a round yellow 
nodule about J in. in diameter was found in the right lobe (fig. 1). The nodule 
was well demarcated without appearing to be encapsulated, had a smooth, 
glistening cut surface and looked like fat. 

The pancreas was fibrotic. The kidneys were pale and of normal size, with 
a finely granular surface on which small telangiectatic areas could be seen. 
On section there was some blurring of the cortico-medullary junction, an 
there was necrosis of one of the renal pyramids. The other organs were norma . 

Death was due to renal failure and pericarditis. 

Histology. The nodule in the liver had the typical appearances of adipose 
tissue. In the centre, the fat spaces of which it was largely composed were 
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between 60 and 90 y in diameter. The stroma consisted of loose connective 
tissue containing oval or flat pale-staining nuclei. Blood vessels were small 
and not very numerous. 

Near the margin, small groups of atrophic liver cells were incorporated in 
the growth. The stroma was somewhat more cellular and smaller fat spaces 
measuring as little as 10 y were seen (fig. 2). 

The margin was rather irregular, and thoro was no capsule. There was no 
distortion of nearby liver architecture by pressure but occasional individual 
liver cells appeared to be slightly compressed. A few of the liver cells nearest 
to the tumour possessed fat vacuoles. 

Elsewhere the liver was normal, and there was no evidence of fatty degenera¬ 
tion or infiltration. 


Discussion 

While it appears that lipomas of the liver are something of a rarity, it is said 
that they may be simulated in several ways. 

Rolleston and McNee describe small nodules of adipose tissue in the liver 
caused by detachment of appendices epiploic® from the colon with subsequent 
lodgment between the liver and the diaphragm. Such nodules are situated 
near the periphery of the liver and are surrounded by invaginations of the 
liver capsule. They also state that localised areas of extreme fatty infiltration, 
usually wedge-shaped, are not uncommon. They do not, however, mention 
whether generalised fatty infiltration of the liver is also present in such cases. 
Lichtman (1949) states that liver-cell adenomata, multiple, light brown, or 
greyish white, situated in the midst of normal liver and with their large cells 
laden with fat or glycogen, may resemble lipomas. 

In the case described the nodule lay a considerable distance from the surface 
of the liver and was not encapsulated. The fat spaces were enormously greater 
in size than those found in fatty infiltration, and fatty infiltration was not 
present elsewhere in the liver. There was no evidence of adenomatous arrange¬ 
ment. The appearances of the nodule, both macroscopic and microscopic, were 
those of adipose tissue. None of the patient’s symptoms appear to be related 
to it, and its discovery at autopsy was entirely accidental. 


Summary 

A case is described in which a round, yellow nodule with the features of 
adipose tissue, was found in the liver at autopsy. Differential diagnosis is 
briefly discussed. 

My thanks ore due to the Department of Medical Photography of 
Westminster Hospital. 
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OSSIFICATION IN INTESTINAL NEOPLASMS: 

A REPORT OF THREE CASES 

A. C. Chbistie 

Royal Cancer Hospital, London 
(Plate LI) 

While heterotopic ossification in various tissues has frequently been, described 
in man and animals (Keith, 1927-28), it has rarely been- seen in intestinal 
neoplasms (Clark, 1934-35 ; Dukes, 1938-39 ; Scheidegger, 1939). The three 
cases described below show the formation of membrane bone in the primary 
growth and in recurrences and metastases. 


Case reports 

Case 1. V. L., a female aged 44, was admitted to the Royal Cancer Hospital 
in September 1949 complaining of pain in the abdomen and back, intermittent 
passage of bright red blood in the stools, and loss of weight for the last twelve 
months. On examination an enlarged, lumpy liver and a carcinoma of the 
rectum, the latter confirmed histologically, were found. As a palliative operation, 
removal of the rectum, uterus, Fallopian tubes and ovaries was undertaken. 
About 8-5 cm. from the ano-rectal junction, the rectum contained a large, 
ulcerated, fungating carcinoma, 7-5 cm. long, which completely encircled the 
lumen and reduced it to about DO cm. in diameter. Posteriorly, the neoplasm 
had infiltrated for a distance of 3-5 cm. beyond the muscle coat and anteriorly 
it had broken through the rectal wall to form a mass in the recto-vaginal septum 
binding it to the cervix. At several places in the rectal wall there were sub- 
serosal nodules of growth. On section the neoplasm posterior to the rectum 
contained widespread spicules of osseous tissue. Several adjacent lymph nodes 
were replaced by metastatic growth. Massive ascites developed in March 
1950, and the patient died four months later. 

Histological findings. The tumour is a well-differentiated tubulo-papillary 
adenocarcinoma, necrotic in parts, with a dense fibrocellular connective tissue 
stroma containing spicules of bone formed by intra-membranous ossification. 
These spicules are, for the most part, surrounded by a continuous layer of plump 
osteoblasts laying down osteoid matrix. Some of the bone is necrotic. The 
loose connective tissue between the groups of bony spicules contains numerous 
dilated capillaries lined by endothelium only, as in bone marrow. 

Case 2. In December 1943, F. W., a male aged 48, visited the New York 
General Hospital complaining of vomiting and abdominal pain. An X-ray 
of the bowel revealed nothing abnormal. In August 1944, he was operated on 
for intestinal obstruction. His symptoms recurred in February 1945, and, at 
operation, adhesions were freed. A further laparotomy at the Royal Cancer 
Hospital in December 1945, disclosed multiple tumour deposits in the peritonea 
cavity. He died in January 1946. 

At autopsy the bowel contained a tumour (exact site not specified) with a 
gritty surface to which several coils of intestine were adherent. A large secondary 
deposit in the right rectus abdominis muscle extended from the costal margin 
to a point three inches above the symphysis pubis. 

Histological findings. The tumour is an adenocarcinoma in a dense fi r0 
cellular connective tissue stroma and partly surrounded by necrotic ske e a 
muscle fibres, many of which contain deposits of calcium. Within the stroma, 
in close relation to tumour cells, there are many spicules of bone, some of wmc 
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are grouped together into zones of spongy bone with loose fibrocellular connective 
tissue and dilated vascular sinuses like those of bone marrow within the inter¬ 
stices (figs. 1 and 2). 

Case 3. M. T., a female aged 43, was admitted to another hospital in 1945 
complaining of diarrhoea and intermittent blooding per rectum for one year. 
A carcinoma of the rectum was removed by perineal excision. In Juno 1946 
the patient was admitted to the Itoyal Cancer Hospital with an “ abscess ”, 
of nine weeks' duration, in the buttock. On examination, an ulcerated, hemi¬ 
spherical mass, approximately two inohes in diameter, and continuous with a 
large fixed mass within the polvis, was found behind the vulva. This mass, 
histologically an ossifying adenocarcinoma, was excised. Two further recurrences, 
both ossifying adenocarcinomata, wore excised in Novembor 1946 and January 
1947. The last was a massive growth, measuring 10-0x7-6 cm., situated over 
the upper part of the perineal wound and adherent to the underlying sacrum. 
At operation only part of the tumour was removed. On this occasion the serum 
alkaline phosphatase was 21 King-Armstrong units per 100 ml. (normal range : 
5-10 units). Death occurred in March 1947. Permission for an autopsy was 
not forthcoming. 

Histological findings. All three recurrences (Juno 1946, Novembor 1946 
and January 1947) show rapidly-growing, tubulo-papillary adenocarcinomata 
with numerous spicules of bone within the fibro-cellular connective tissue 
stroma. There is active osteogenesis, with comploto chains of plump osteoblasts 
surrounding the spicules and laying down osteoid tissue (figs. 3 and 4). 

Discussion 

In all three cases ossification was intramembranous and had occurred in 
close proximity to living neoplastic epithelium. As described by Dukes, there 
were, in all the tumour deposits, whether primary, secondary or recurrent, 
areas of necrosis, but these were often sparse and usually not closely related 
to sites of ossification, and occasionally the bony spicules were themselves necrotic. 
The tumour stroma in each case was relatively avascular. The adcnocarcino- 
matous epithelium showed no atypical histological features distinguishing it from 
the usual intestinal carcinomas. Dukes emphasised that in his cases there was 
both clinical and histological evidence of slow growth. This was not so in the 
3 cases now reported; numbers 1 and 3 showed numerous mitotic figures 
indicating rapid growth, and the duration from the initial onset of symptoms to 
time of death was approximately 2, 2£ and 3 years respectively. 

Scheidegger described a case of stroma ossification in a rectal carcinoma 
in which incidental autopsy findings included ossification in both a small 
mammary fibroadenoma and a leiomyoma of the stomach. This example of 
widespread ossification must be due to an individual constitutional idiosyncrasy. 
Clark reports a case similar to case 2 above in which an ossifying odenocarcino- 
matous metastasis developed in the laparotomy scar (right paramedian) within 
six months of operation, the primary growth being an inoperable carcinoma of 
the pelvic colon. 

Where ossification occurs in intestinal neoplasms it is most likely that the 
tumour epithelium itself has the property of inducing osteogenesis. The actual 
method of formation of bone in heterotopic sites, such as operation scars and 
tumour stroma, has aroused considerable discussion amongst pathologists for 
many years. Although the whole mechanism is by no means understood as 
yet, it now seems beyond doubt that the osteoblasts develop tn situ, from certain 
cells (probably fibroblasts) in the connective tissue stroma. In all three cases 
described there are many areas in which cells can be seen in all stages of transition 
between long slender inactive fibrocytes and typical plump rounded or polygonal 
osteoblasts both within and covering the surface of the osteoid tissue. This is 
well shown in case 3 (fig. 4) which also clearly exhibits the transformation of 
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connective tissue into hyaline eosinophilic material surrounded by osteoblasts 
that is, into osteoid tissue. Once bone has appeared there is a condensation 
of the surrounding fibrous tissue to form a periosteum with osteoblasts between 
it and the osteoid tissue (fig. 2). Complete chains of plump osteoblasts laying 
down relatively broad zones of osteoid, as yet uncalcified, indicate active osteo¬ 
genesis. The intervening connective tissue stroma within groups of spicules 
is loose and vascular, the vessels being, like those seen in bone marrow, dilated 
capillaries lined by a single layer of endothelium (fig. 1). It is interesting to 
note that this type of vessel is not present in the connective tissue stroma 
remote from areas of ossification. 

It thus appears that the spongy bone forms first and then, once this has 
happened, the tissue within the interstices is transformed into bone marrow. 
This may sometimes develop hsemopoietie elements as in Lyall’s (1943-44) 
case, but this did not obtain in the present 3 cases. Osteoclastic absorption 
was absent in all 3 cases. 

Summary 

Three cases of stromal ossification in intestinal adenocarcinomata, two of 
which were rectal in origin, are described. In one a secondary growth in the 
right rectus abdominis muscle and in another the three recurrences were ossified. 

Ossification was intramembranous. Where spongy bone developed typical 
marrow stroma appeared in the interstices although no immature erythrocytes 
or leucocytes were present. 

I am grateful to Professor R. A. Willis for his helpful criticism ; to members 
of the Consultant staff for access to the clinical notes ; to Mr C. G. Chadwin 
for the sections and to Mr L. A. Cowles for the photomicrographs. 
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6x6.71—018.46—006.442 
A CASE OF HISTIOCYTIC MEDULLARY RETICULOSIS 

V. J. McGovern, A. W. Morrow and E. F. Thomson 
Royal Prince Aljred Hospital, Sydney 

(Plate LII) 

Hypersplenism is a concept of functional hyperactivity of the spleen by 
which Doan and Wright (1946) seek to explain certain anrcmias found ffi 
conditions associated with enlargement of the spleen. In view of the fin ings 
in the case presented here, together with those of Scott and Robb-Smith (19 h 
some modification of this concept must be made. 

Clinical history 

The patient was a young woman aged 27 years. There was nothing remark 
able in her previous history or in her family history. 
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Sho was quito well until August 1949 when she commenced to suffer from a 
fever with some sweating and vague generalised pain The fever was inter 
mittently present through August and September but during October became 
more apparent and the sweating became more drenching At this stage the 
nocturnal temperature was sometimes in the vicinity of 104° and 105° F , her 
pulse up to 130 per minute and respirations 20 per minute There were inter 
mittent attacks of diarrhoea The provisional diagnosis of Brucellosis was made 
whereupon streptomycin and sulphadiazmo treatments commenced This was 
without effect Blood counts revealed that she had developed a progressive 
anremia and so she was given two litres of blood, one on 10/12/49 and one on 
12/12/49 at Canberra Commumtj Hospital Sho was admitted to Royal Prince 
Alfred Hospital, Sydney (16/12/49) at which time it was noted that there was 
slight enlargement of her spleen and a mild generalised lymphadenopathy 
The fever did not abate and drenching sweats were froquent and occasional 
episodes of diarrhoea were noted In December she commenced to complain 
of pains in the lower extremities particularly in the tibue and in the feet The 
enlargement of the spleen bocamo more apparent Because of her failure to 
respond to all forms of antibiotic and chemotherapeutic treatments the 
provisional diagnosis of abdominal Hodgkin’s disease was made, and deep 
X ray therapy was applied to the splenic area without any satisfactory result 
She rapidly became more anEemic and terminally there was a generalised 
purpuric rash with some degree of icterus She diod on 15 2 50 

On admission to Royal Prmco Alfred Hospital her blood count was as 
follows —Erythrocytes 3,870,000 per c mm , haemoglobin 11 g per cent, 
reticulocytes 0 6 per cent, leucocytes 1300 per o mm , neutrophils band forms 
12 per cent, segmented forms 62 per cent, total neutrophils 64 per cent, 
lymphocytes 18 per cent, monocytes 2 per cent, unclassifiable 2 per cent, 
platelets 21,000 per c mm The rod blood cells showed poikilocytosis and 
amsocytosis of increasing degree in the course of the illness 

On 6 2 50, the blood count was as follows —Erythrocytes 1,200,000 per c mm , 
haemoglobin 4 g per cent, leucocytes 850 per c mm , neutrophils band 
forms 4 per cent, segmented forms 64 per cent, total neutrophils 68 per cent, 
lymphocytes 16 per cent, monocytes 16 per cent 

Aspiration biopsy of the sternal marrow rovoaled no abnormality when 
performed soon after admission to hospital The urrne showed no abnormality 
Repeated blood cultures were sterile The Widal, Weil Felix and Brucella 
agglutination reactions were nogative The Mantoux reaction, using a dilution 
of 1/100 old tuberculin, was negative No evidence of any pulmonary lesion 
was demonstrable radiographically 


Autopsy findings 

A post mortem examination was conducted 13 hours after death The 
body was that of a very palo and wasted young woman There were many 
petechiee and ecchymoses over the body, particularly on the anterior abdominal 
wall, the chest, lips, neck and limbs Hypostatic staining was not marked 
and rigor mortis was present 

In the mediastinum were some small reddish lymph nodes The other 
mediastinal contents appeared normal Each pleural cavity contained 6 oz 
of blood stained fluid There were diffuse ecchymoses beneath the visceral 
pleurre, and apart from slight basal congestion the lungs showed no abnormality 
The pericardial cavity contained 2 oz of slightly blood stained fluid There 
were petechi® in tho epicardium and endocardium but no other abnormality 
was seen in the heart 

The spleen weighed 611 g and the consistency was softer than normal 
No malpighian bodies were discernible to the naked eye The liver was enlarged 

J path bact— -vot txm Y 
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(1559 g.) and presented an unusual appearance, being pale and fatty with a 
bluish discolouration around the larger vessels. The various abdominal viscera 
all displayed this bluish discolouration but there was no other gross abnormality. 
The para-aortic and mesenteric lymph nodes were all slightly enlarged and 
red in colour. 

The sternal bone marrow presented a normal appearance to the naked eye. 
The femoral marrow was not examined owing to certain restrictions imposed 
by the relatives. 

Histology 

Spleen. The most prominent feature is the absence of malpighian bodies 
and lymphoblastic tissue. Haemorrhages are present throughout. In the 
medullary portion of the organ there is proliferation of large histiocytes and 
their precursors. Many of these have irregular large nuclei; some are multi- 
nucleate and a few bear a superficial resemblance to Dorothy Heed cells. The 
sinuses contain these large plump histiocytes which overshadow the ordinary 
sinus lining cells. Some histiocytes contain a few small droplets of fat while 
others contain varying numbers of ingested red blood cells. Hsemosiderin is 
present in the sinus lining cells and to a lesser extent in the large histiocytes 
lying in the sinuses. In general the architecture of the spleen is preserved but 
the sinuses are crushed by the great numbers of medullary histiocytes. 

Lymph nodes. The microscopic picture of the lymph nodes is particularly 
striking. Follicles have disappeared and in both the follicular and medullary 
portions there are a few lymphocytes and their precursors. The sinuses are 
enlarged and the sinus lining cells contain much hsemosiderin. Within the 
sinuses, too, are free erythro-phagocytic histiocytes. These contain very little 
pigment. 

Sternal bone marrow. Ordinary hemopoietic tissue is very scanty. Through¬ 
out are increased numbers of erythro-phagocytic histiocytes. 

Liver. Extreme fatty change is present. The Kupffer cells are prominent 
and contain hsemosiderin. Some, in addition contain red blood cells. There 
are occasional rounded erythro-phagocytic cells in the sinuses which contain 
no pigment. The fat of the porta hepatis contains erythro-phagocytic histio¬ 
cytes ; these are rather sparse. 

Heart. There are sparse erythro-phagocytic histiocytes in the epicardial 
fat and in the connective tissue trabeculee of the myocardium. Adipose tissue 
from the peri-renal area and in the lumbar vertebral areas contain sparse 
erythro-phagocytic histiocytes which here and there are aggregated in denser 
groups. 

No sections of skin were examined, and the other organs showed no 
abnormality. 

Discussion 

The histological picture is that of a medullary reticulosis in which there is 
proliferation of erythro-phagocytic histiocytes in the spleen. Elsewhere, 
erythro-phagocytic histiocytes can be found, but their precursors are no 
apparent. .. 

This condition corresponds to 4 cases described by Scott and Kobb-Snu J 
and to six others they collected from the literature. The features of their cases 
as in the present case were splenomegaly with slight lymphadenopat y> 
progressive ansemia and wasting, pyrexia, terminal purpura and jaun ice. 
Although the histiocytic proliferation was often confined to several organs, 
overall findings were that the disorder was one of the whole lympho-retic 8. 
system. They observed that the bone marrow may show a maturation e ec ^ 
in addition to the other changes. In the present case, however, there t* 88 
lack of haemopoiesis in that portion which was examined. This may 0 
irradiation effect. 
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According to the concept of Hypersplenism as formulated by Doan Und 
Wright (1940) and amplified by Dameshek and Bloom (1948) and Dameshek 
and Estren (1948), certain normal functions of the spleen becomo abnormally 
active thus leading to certain typos of ancemia with or without associated 
reduction in the other blood cells and/or the platelets Two of those functions 
are inhibition of maturation of the hemopoietic tissues and haemolytic activity. 
According to this concept there are certain diseases associated with hyper 
activity of the spleen This 14 secondary ” hypcrsplomsm is to be found m 
certain infections such as tuberculosis, syphilis and malaria amongst others, 
and certain other disorders such as Gaucher’s disease In addition there is a 
“ primary ” Hypersplenism in which the depressed marrow activity and increased 
hemolytic activity lead to panhemocytopenia Dameshek and Estren stress 
the functional nature of the hypothesis and state that hypersplemsm has no 
histopathological basis They never observed a generalised erythrophagocytogig. 

On clinical grounds, the present case falls into the category of primary 
hypersplemsm in which thore is a recognisable anatomical basis 

Summary 

A case of histiocytic medullary reticulosis has been described The character 
istic features of this disorder are progressive cachexia and anaemia, fever, 
splenomegaly, generalised lymphadenopathy with terminal purpura and 
jaundice The characteristic anatomical change is erythro phagocytosis and a 
proliferation of erythro phagocytio histiocytes m the spleen 

Thanks are duo to the Medical Artistry Department of the University of 
Sydney for the photomicrographs 
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OBITUARY NOTICES OF DECEASED MEMBERS 


Stephen IRoobbouse Slo^ne 

24th December 1882—25th September 1950 
(Plate LIII) 

Stephen Roodhouse Gloyne was born in London in 1882. His 
parents soon returned to their native Yorkshire and he went to school 
in Wakefield and afterwards to Leeds, where he graduated M.B., 
Ch.B. in 1906 and M.D. in 1909, being one of the first graduates of 
the new University. He spent some time at the Middlesex Hospital, 
first as a student and later in the pathological department, and he 
also worked in the pathological laboratory at St George’s Hospital 
for the D.P.H., which ho took in 1908. After the usual hospital 
resident posts and a spell of general practice in Selby, he was for a 
time a school medical officer in Surrey. Ho rarely went north after 
this period, though he always regarded himself as a Yorkshireman 
and ho was a faithful supporter of the county side at cricket. 

In 1911 ho was appointed pathologist to the hospital in Victoria 
Park now known as the London Chest Hospital and he remained there 
until his retirement in 1948. He loved that hospital, which be saw 
through two wars, and his personality is woven into its fabric. His 
department was at first only a single small room, not even supplied 
with electricity, but Gloyne had already built up a fine service long 
before the accommodation caught up with him in 1920. 

At the outbreak of the second world war he had a fully equipped 
building with a large animal house and the Barnes Research Depart¬ 
ment, which he directed. The museum was already famous for 
a number of “ congenital ” hearts collected by Peacock, and Gloyne 
proceeded to add carefully selected specimens, chiefly of lungs, 
from his own practice. It was a sad morning for him when, in 1941, 
he found it in ruins ; only 18 out of 400 specimens were left and he 
remarked that his life-work had gone up in smoke. Gloyne quickly 
won for himself affection and respect from the honorary staff, and his 
little laboratory with its large open fire became a meeting place for 
consultants and residents alike, a habit which was not broken in 
the subsequent removal to larger premises. Later he became Dean 
of the Postgraduate Association and he took great pains in organising 
the teaching at the hospital. 

When he retired he was given a grant by the Medical Research 
Council to work on the pathology of industrial pulmonary disease, 
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and, since this study was based on the statistical analysis of post¬ 
mortem records, he elected to work at the Institute of Social Medicine. 
The grant was a double joy to him. He felt that there was still a 
niche for him in the medical world, and he could be in Oxford. Once, 
when browsing round the Bodleian library with him, one caught the 
impression that he was sensible of having missed something in his 
early life. Oxford would have meant a great deal to Gloyne and it 
was a happy chance that sent him there in the end. At the time of 
his death he was also acting as consulting pathologist to the King 
Edward VII Sanatorium, Midhurst. 

In 1919 the journal Tubercle was founded and for the first year 
the editorial board was anonymous. In the second volume Gloyne’s 
name appears as editor and he continued to occupy this office until 
1937. The journal was originally intended for everyone interested 
in tuberculosis, whether lay or medical. Gloyne himself attached 
considerable value to the bibliography, which, month by month, 
kept readers in touch with the world literature of the subject. 
Gradually Tubercle came to eater more and more for medical readers 
and in 1946, with Gloyne still an advisory member of the board, it 
became the organ of the British Tuberculosis Association, a purely 
medical society. 

Gloyne, however, never lost interest in the problem as a whole 
and his book, Social aspects of tuberculosis, was based on lectures 
which he gave for many years at the Royal College of Nursing. He 
had a respect for the work of nurses and almoners which was all part 
of his concern for the welfare of the patient. His pathological papers 
show orthodox scientific detachment, but his choice of subjects reveals 
a bias in favour of a fairly direct human contact, and in 1948 he was 
given the Weber-Parkes prize which is awarded by the Royal College 
of Physicians for work in the field of tuberculosis. 

Gloyne’s name is usually linked with tuberculosis and the pneumo¬ 
conioses, especially asbestosis. Interest in the latter was kindled by 
the proximity of a factory which kept him well supplied with material. 
He made good use of the opportunity and published, in easily accessible 
journals like The Lancet and Tubercle, excellent descriptions of the 
morbid anatomy of naturally acquired asbestosis. The large number 
of cases involved drew attention to the hazard and was probably in 
some measure responsible for the improved safeguards which have 
been put into operation. He also did some experimental work on 
the subject and was the first to demonstrate the fine fibre of asbestos 
running through the centre of the asbestos body. One of the problems 
he discussed was the exact significance of asbestos bodies in the 
sputum, as he did not like hasty verdicts of disability to be based 
solely on their presence, which he regarded as a sign of tissue reaction 
and a danger signal, but not necessarily proof of progressive fibrosis. 

It was an important distinction for employers and gave hopes of 
recovery if such workers were removed from the industry. 
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Gloyne was always on tho look-out for the clinical implications 
of his observations and ho often talked about combined diseases which 
ho had noticed in his routino work. Tho association of tuberculosis 
with asbestosis, syphilis, heart disease, ancemia and vitamin deficiency 
was tho subject of various short papers. Ho was an observer, little 
prone to theorising, and did not permit himsolf to draw very definite 
conclusions from these associations, so ho will not have much to 
blush for when the Recording Angol confronts him with his written 
word. 

He did have strong opinions about some things, and milk was one 
of them. For many years ho examined milk for tho Essex County 
Council and as usual ho illuminated a routino job by careful scrutiny 
of his results and by experimenting, principally with the tubercle 
bacillus. Ho made it his business to find out details of the dairy 
industry and from this intimate knowledge ho developed positive but 
not always printable opinions. Quito briefly his researches led him 
to the conclusion that tuberculosis-free cattle were supremely important 
to tho farmer. They were also desirable for tho human population, 
but pasteurisation was and always would bo necessary in any case. 
Gloyne was very anxious that infections of milk other than tuberculous 
should not bo neglected by tho profession. His experience was that 
thore was a real danger of JRr. abortus and streptococcal infection of 
man, oven from tho host hords. For his own grandchildren ho insisted 
on tho provision of milk which had been well and truly boiled. 

Gloyne knew a groat deal about tho histology of tho lung in health 
and disease and was recognised as an authority on pulmonary 
pathology. He was a member of the Medical Board for Silicosis from 
1931 till 1948 and ho continued to examine sections for tho Board 


after his retirement. In 1938 ho wrote the chapter on pathology for 
the book Silicosis and asbestosis edited by Lanza. His little monograph 
on thoracic puncture fluids written in 1930, though not pretending 
to bo comprehensive, is still one of the best accounts in English. 

It sometimes happens that a pathologist deliberately narrows his 
field so that he comes to be on closer terms with clinicians within 
that field than with those doing general pathological work. Gloyne 
was intimate with physicians and surgeons concerned with thoracic 
disease. He had been President of the British Tuberculosis Association 


and a Vice-President (by his own wish) of the Thoracic Society, but 
he was not personally known to many pathologists and it is on his 
work that he would wish to be judged by them. Gloyne really lived 
for his work: all day and half the night was his habit. He had a 
journalistic streak and was a regular writer of leaders and annotations. 

' Something for The Lancet " ■was always on hand, requiring a basinful 
of midnight oil for its completion. He had a talent for extracting 
the essence of other men’s papers and adding observations of his 
own which made his articles both interesting and easy to read. 

He had no recreations other than exploring Cistercian abbeys and 
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medical history, and it was a great satisfaction to him when his life 
of John Hunter was in the press. The hook is a delightfully discursive 
account of Hunter and bis environment and only a man with a very 
retentive memory could have called to the service of his pen so many 
literary and historical allusions. It is more than a portrait, it is a 
conversation piece, cleverly composed to give a balanced picture of 
Hunter’s place in medicine, and Gloyne’s choice of extracts from the 
letters to Jenner light up the nature of the man in a few lines. 

Gloyne w T as a very kind man. He had a friendly habit of introducing 
people to each other at meetings which was most helpful to newcomers, 
and his toleration of human frailty came in useful in the hospital 
community. He could stand fools gently if not altogether gladly 
and in his unobtrusive way he did a great deal for the understanding 
of clinically applied pathology. One feature of his publications was 
his acknowledgment at the end of the help of his chief technician, 
and Mr Smart’s name always appeared in the annual reports of his 
department. It was very dear to his heart that the skill and loyalty 
of technicians should be properly recognised when pathologists take 
to print. He was also a zealous man. Finding himself at an E.M.S. 
hospital near London with some students at a loose end, he immediately 
set about organising classes and soon had teaching in progress, roping 
in neighbouring Army and Air Force personnel, either for giving or 
receiving instruction. 

Gloyne and his wife joined the Society of Friends shortly after 
they married and he was buried at Jordans. Many Friends testified 
to his unfailing benevolence to anyone in need of help or encouragement. 

It is not given to many to be major prophets but lesser men also 
may have an abiding influence for good and Gloyne had the quality 
that endures. 

For some years he had suffered from diverticulitis and he had 
recently had a coronary thrombosis. But he could not bring himself 
to give up working, and in the end had a cerebral hsemorrhage. He 
is survived by Mrs Gloyne and a son and daughter. 

Nouah H. Schuster 
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(1931) which he -wrote in collaboration -with Dr Max Cutler, the 
substance of his observations and conclusions will be found. Recogni¬ 
tion of the value of bis contribution in the campaign against cancer 
-was the award by the Royal College of Surgeons in 1931 of the Walker 
Prize, and later be was honoured by the United States of America 
by an invitation to carry out an extensive lecture tour in the principal 
citadels. 

As a surgeon, as a teacher of the undergraduate and as a supporter 
of the academic life of the student he was equally zealous. Whatever 
Cheatle undertook he pursued with thoroughness. He could rise to 
any occasion on which his services might be most needed, as his 
records in the South African and 1914-18 Wars bear testimony; in 
the first he was Consulting Surgeon to the forces in the Field and was 
awarded a C.B.; in the second he was Consulting Surgeon to the Royal 
Navy, and appointed Surgeon Rear-Admiral. The standard he set 
himself was the highest and he encouraged all his co-workers in the 
pursuit of ideals as high as his own. John Everidgb 
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Virus and rickettsial diseases 

By S P Bedson, A W Downie, T O MacCauajm and C H Stuart 
Harris 1950 London Edward Arnold & Co Pp viu and 383, 
35 text figs 24s 

In spite of the outstanding importance of some of the virus infections 
of man, many clinicians and medical students still look on virology as an 
esoteric science of relatively little interest to the practising physician 
The blame for this unfortunate attitude, as the authors of the volume 
admit m their preface, must bo attributed chiefly to the research worker 
for failing to present the results of his work in acceptable form The four 
authors, each of whom is a distinguished researcher m the virus field, 
deserve great credit for rectifying this position, they present lucid and 
accurate accounts of practically all the known human virus diseases iq a 
form which should both arouse and maintain the interest of the reader 

To understand the wide range of dissimilar phenomena and the difficulties 
of applying measures of control m the virus diseases, some knowledge of 
the general characteristics, ecology and immunological reactions of the 
viruses themselves is necessary The first four chapters provide this 
essential background and, by frequent comparisons, clarify the similarities 
and dissimilarities between virus and bacterial behaviour Chapter five 
gives a good account of the nckettsito and the typhus group of fevers 
The various virus diseases are then dealt with individually Those m 
which the letiological agents have not yet been isolated necessarily receive 
cursory treatment, but the others are adequately discussed from the aspecjts 
of clinical and pathological picture, virus characteristics, laboratory diagnosis, 
epidemiology, control and treatment The last chapter is devoted to a 
general consideration of the bacteriophages and is included chiefly because 
of the great contributions which bacteriophage studies have made to Om* 
understanding of host virus relationships The praotical importance of 
the phages in epidemiological investigations has, moreover, not been 
overlooked and is well illustrated by references to the phage typing of 
Bact typhosum and of staphylococci As on appendix the available 
diagnostic tests and the materials from patients required for their perform 
ance are summarised in tabular form 

The book should prove a useful addition to the library of the practising 
physician It will also be invaluable to the medical student who hitherto 
has had no ready means of acquiring a balanced view of the place of virology 
in medical science and practice For the keen student references appended 
to each chapter offer access to more detailed information The authors 
have obviously bad no intention of catering for virus research workers 
but even these will not fail to obtain an adequate return for the modest 
outlay required to secure the volume 
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The pathogenesis and pathology oi viral diseases 

Edited by John G. Kidd. 1950. New York; Columbia University Press : 
London ; Geoffrey Cumberlege. Pp. xx and 235 ; 107 text figs. 32s. 6d.' 

This volume contains fourteen contributions to a symposium held at 
the New York Academy of Medicine in December 1949.. The title has 
been widely interpreted for the papers deal with such varied subjects as 
the spread of viruses from infected to susceptible hosts (Shope), culture 
and effects of viruses in chick embryo cells (Buddirigh), relationship of 
viruses and cells with particular reference to the interference phenomenon 
(Dalldorf), electron microscopy of viruses (Wycltoff), activators of viruses 
by absorption co-factors (Anderson), proliferative lesions caused by viruses 
and virus-like agents (Kidd), and the nature and pathogenesis of neuronal 
changes in poliomyelitis (Howe). Most of the articles contain much original 
material and the reviewer was particularly impressed by the discussions on 
cardiac lesions produced by viruses (J. M. Pearce) and on the pathogenesis 
of poliomyelitis. The quality of many of the photomicrographic illustrations 
is particularly good. Much of the material here collected is not to be 
found elsewhere and this little volume should be a source of interest and 
pleasure to every worker in the field of virus diseases. 


Introduction to tlio bacteria 

By C. E. Cufton. 1950. New York, Toronto, London : McGraw-Hill 
Book Company, Inc. Pp. xii and 528 ; 180 text figs. 42s. 6d. 

Until fairly recently the study of micro-organisms has tended to be 
conducted in a number of separate compartments and, in Great Britain 
at least, it has been heavily weighted in favour of medical bacteriology. 
Furthermore, biochemical and biophysical studies have lagged behind 
description and classification, and these again behind the more utilitarian 
study of practical application and diagnosis. The author of this useful 
and timely Introduction to the bacteria writes in his preface :—“ Bacteriology 
has progressed from a primarily descriptive science to one in which serious 
attempts are being made to interpret the bacteria and their behavior 
on the basis of modem biological, physical and chemical concepts. In 
particular, in recent years the application of biochemical principles to 
the study of the bacteria has considerably enriched our understanding 
of these organisms The book “ is the result of endeavors over many 
years to digest and to condense for the general student the concepts of 
the what, the how and the why of bacteria and bacterial activity in as 
simple and brief a presentation as appears to be consistent with tho 
development of a fundamental understanding of the bacteria and related 
forms of life The author ranges beyond the bacteria proper and includes 
chapters on protozoa, algae and fungi. In a sense, therefore, the book is 
an introduction to the study of microbiology in general with the mam 
emphasis on bacteria. 

After an introductory chapter, which is partly historical, there ore 
largely descriptive chapters on the observation of bacteria (microscopj > 
staining properties, differential stains), structure (including modern wor" 
with the techniques used by Robinow, Bisset and others and with t >o 
electron microscope), protozoa and algae, fungi, bacteria, with descriptions 
of the orders of the class Schizomycetes, and viruses. Then follow chapter-’ 
dealing mainly with biochemistry and biophysics, e.g. energy requiremen 
of bacteria, mechanisms of microbial respiration, metabolic groups an 



BOOKS BBCCIVCD 


J57 


multiplication and death of bacteria These chapters demand a relatively 
advanced knowledge of organic chemistry Next comes a chapter on 
microbial variation and another on tho classification of the Eubacternneae 
and the use of tho Bergey system Whato\ or doubts some bacteriologists 
may have about the classifications chosen in cortain parts of Bcrgcy'a 
Manual , its all embracing character justifies its use when bacteria outside 
tho medical field aro considered, as they must be in a book dealmg with 
general bacteriology Chapters on tho bacteriology of sod, water and air, 
on food preparation and preservation and on industrial microbiology 
(fermentations by bacteria and moulds) provide a survey of many fields 
of applied microbiology Tho last four cliaptors covor infection and 
resistance, serological reactions, Entorobactenacerc and microbiology of 
infectious disease Tho cliaptor on tho Enterobacteriaco® servos as an 
example of the methods used in isolating and identify mg members of a 
largo and complex group of organisms which includes both pathogenic 
and non pathogenic species It demonstrates many principles of bactori 
ology which can also be applied to other families 

The numerous topics covered m order to giv e a comprehensive picture 
of modem bacteriology can clearly be treated only at an elemontnry level 
within the 528 pages of this book Some chapters are weaker than others, 
for example those on infection and resistance and on serological reactions 
winch give 38 pages in all to these wide subjects But this may bo enough 
for the elementary student Perhaps tho most valuable achievement of 
the book is to have united classical, descriptive bacteriology with modem 
microbiological chemistry for the student at the start of his studies Special 
topics can later be Btudied more intensively from specialist books It is 
the begmner who has not hitherto been catered for enough by the provision 
of an all round view of general microbiology 

Tho book is on the whole well illustrated, although some of the photo 
graphs could be more informative and somo omitted without loss The 
picture of Erwin F Smith on p 510 bears a striking resemblance to Theobald 
Smith A rather large number of spelling mistakes lias escapod the proof 
reader and there are some errors of fact Those imperfections will, it is 
hoped, be removed at the reprinting or in tho new edition which will 
doubtless be demanded, since it is clear that this book will prove very 
useful 


The diagnosis of Salmonella types 

By F Kauffmann 1950 Springfield, El , Charles C Thomas Oxford , 
Blackwell Scientific Publications, Ltd Pp vn and 86 16s 6d 

This book describes the practical classification of Salmonella by sero 
logical and biochemical methods The methods are those used by tho 
author at the International Salmonella Centre at Copenhagen and are 
for the most part standard practice, but the author’s view of slide agglutina 
tion as " a technique (which) gives such definite results that in most cases 
test tube agglutination is superfluous ” would not he accepted by most 
British bacteriologists In the reviewer’s opinion the slide technique, 
provided suitably absorbed sera are used, is adequate for routine diagnostic 
work But tho tube test is essential for absolute identification and for 
tho identification of new types, where semi quantitative as well as qualitative 
tests aro required In view of the reliance tho author places on tho slide 
test it is strange that practically no reference is made to the occurrence of 
normal antibodies in rabbits 
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because they conceal and obscure the basic fact that the phenomena of 
anaphylaxis are the result of the reaction of antigen with antibody and 
misleading because they have given rise to theories which lack support 
other than that derived from a fantastic nomenclature. The technique of 
anaphylaxis is described under three headings, the preliminary sensitisation, 
the incubation or pre-anaphylactic period and the second or shocking dose 
of the antigen. The literature of passive anaphylaxis and the influence 
of the recorded results on the theories of anaphylaxis are admirably 
reviewed. The ArthuS' phenomenon is discussed. There follow valuable 
chapters on recorded observations of anaphylaxis in man, in mammals, 
in birds and in vertebrates. The difficulties which have resulted from 
observations recorded under the misleading title of Anti-Anaphylaxis are 
discussed. There are chapters on desensitisation and on the suppression 
of anaphylactic manifestations by anaesthetic and narcotic drugs, by 
drugs which suppress the action of histamine and by the prophylactic 
injection of normal serum. 

This is an excellent book which comprises within 187 pages a concise and 
critical survey of the more important papers on anaphylaxis which have 
been published during the last fifty years. It begins at the beginning of 
this difficult subject and gives a clear, critical and readable account of the 
steps by which our knowledge of anaphylaxis has been obtained. It provides 
within a small volume an introduction to anaphylaxis for the reader who is 
unfamiliar with the subject, and a concise work of reference which will 
be valued by the experienced serologist. 


Lohrbuch der gerichtlicben Medizin 

By Albert Ponsold. 1950. Stuttgart: Georg Thieme. Pp. xx and 
568 ; 169 text figs. DM 49, §11.65. 

The editor of this book. Professor A. Ponsold, is also the largest single 
contributor. Altogether, there are seventeen contributors and this co¬ 
operative effort shows both the advantages and disadvantages of this 
method of book production. The individual chapters, some of them highly 
specialised, are the work of experts in the respective fields and can therefore 
be taken as authoritative ; hut there is considerable inequality of treatment 
such as can scarcely be avoided where so many experts are concerned. F°r 
example, some sections are fairly well documented with references to 
original papers ; others give a few key references; others give none 
at all. 

The book is addressed to both the medical and the legal professions, 
the legal side having, naturally, particular reference to German law. Whilst 
this limits the value of the book for the non-German student, it is of value 
to those with an international practice necessitating a knowledge of German 
medico-legal relations. Moreover, it is of more general interest because 
of the discussions in the first two chapters—one on medical ethics w uc i 
includes a section on the difficult problem of euthanasia, and one on t ic 
medico-legal aspects of psychiatry. 

In general, the book follows along conventional lines, which makes it 
of no particular value to the non-German medical student whose purposes 
are better served by various books in his own language and related to ns 
own system of laws. It may, however, interest teachers of the snbjec , 
since it provides certain novelties in presentation. Thus whilst conventions 
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photograplis of post-mortem appearances, both naked eye and microscopic, 
are included amongst the illustrations, there are many clear line drawings 
and purely diagrammatic sketches of the typo with which American text¬ 
books have familiarised us, and while some of them seem unnecessary, 
most are excellent for the purpose of presenting useful facts in a striking 
way. 

The discussion of the blood groups including the Rh factor is quite 
well done and as clear ns the present state of the subject permits. It is 
comprehensive and takes account of British and American work with a 
good selection of key references. 

The chapter on hairs which was written by Lochte contains no illustra¬ 
tions, and there is a complete absence of any reference to the important 
subject of toxicology. 

Taking it all round, the book is well printed and presented and well 
illustrated in general. 

Steroid hormones and tumors 

By Alexander Lipschutz. 1950. Baltimore ; The Williams and Wilkins 
Company: London ; Baillidro, Tindall and Cox. Pp. xiv and 309 ; 234 
text figs. 46s. Od. 

The foundation of this book is a collective investigation by Dr Lipschutz 
and several colleagues into whether, where and how the steroid hormones 
may interfere in the dynamics of cancer. For the practical work in this 
research the guinea-pig was employed. In this animal a characteristic 
effect of oestrogen is the induction of fibroids of tlie peritoneum ; and 
these tumours have been used by Dr Lipschutz as criteria in numerous 
quantitative experiments. The highly important results of these inquiries 
have been co-ordinated with the general body of our knowledge in the 
field of cancer, and this has been done with great care. 

Perhaps the most valuable discovery made in Dr Lipschutz’s laboratory 
has been that to cause peritoneal fibroids in the guinea-pig an unremitting 
supply of oestrogen is essential, and not os might have been supposed 
excessive quantities provided at separate intervals of time. Remarkably 
small amounts of oestrogen will cause these tumours provided that it is 
available without cessation, and to ensure a constant supply the drugs 
to be tested were used in the form of pellets. Most workers in this field 
will support Dr Lipschutz in extending this retiological detail to the 
occurrence of tumours in the breast, uterus and other organs. Another 
noteworthy feature of this book is the emphasis which has been given to 
hormonal imbalance as an important and perhaps essential factor in the 
causation of tumours by steroid hormones. Though primarily concerned 
with experimental work on guinea-pigs, the varying forms of neoplasia 
in other species are not forgotten, and in no way can the work or conclusions 
of Dr Lipschutz and his colleagues be neglected by clinicians. The book 
is a store of information which is made readily available by a comprehensive 
bibliography and a good index. 

Micro-analysis in medical biochemistry 

By E. J. Kino. 2nd ed., 1951. London : J. & A. Churchill Ltd. Pp. viii 
and 222 ; 3 figs, on 2 plates and 19 text figs. 14s. 

This edition is very similar to the earlier one, but additions have been 
made to bring it up to date, and consequently the size and price are some¬ 
what increased. 
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Undoubtedly the best part of the book is that which deals strictly 
with micro-analysis, a field.in which the work of the author and his colleagues 
is well known. But the book includes more than the title suggests and 
this is not so well done. The analysis of calculi, for example, occupies 
little more than two pages and refers only to biliary and renal calculi. 
Carbonate is referred to as a frequent constituent of the latter, but in 
man its presence in any appreciable quantity is rare; triple phosphate, 
which is a common constituent, is not mentioned. The description of the 
tests for proteins in urine is incomplete. Bence-Jones protein does not 
always behave in the manner referred to, and no detailed instructions for 
its detection are given. It ought, moreover, to precipitate at 40°-60° C., 
and not at 60°-70° C. 

Where the book fails is in regard to the clinical interpretation of 
laboratory results. Abnormalities in the composition of human blood arc 
given in a table occupying less than one page ; pathological changes in tho 
cerebrospinal fluid are indicated in a table which takes up only one-third 
of a page. Some references to clinical applications are also made before 
describing methods of analysis, but in general these add little to what is 
in the tables and what they add is sometimes of doubtful value, displaying 
a lack of balanced judgment. Certain important non-renal causes of 
raised blood urea receive no mention, but the increased excretion of 
amino-acids in the urine in the Fanconi syndrome is included. The only 
cause given for low sodium concentration in the blood is Addison’s disease. 
Under plasma proteins nothing is said of the way in which these may be 
affected in liver disease, except in the table, where hepatitis is included 
as one of three causes of raised plasma globulin and myelomatosis is not. 
The statement is made that higher values than normal for urinary diastase 
are found in “diseases of the pancreas”, no distinction being made, for 
example, between acute and chronic pancreatitis. The author admits in his 
preface that what is said in this way “ may appear cryptic and inadequate 
to the clinician ” but justifies himself on the ground that laboratory workers, 
clinical pathologists and students have found these “ brief reminders 
useful in recalling what they have previously learnt but in part forgotten. 
But surely this can only be true if what they have forgotten is just those 
few things that the author has decided to remind them of. 

The book is really intended as a practical handbook for laboratory 
workers and it serves this purpose well so far as micro-analysis is concerned. 


Microdiflusion analysis and volumetric error 

By Edward J. Conway. 3rd ed., 1950. London: Crosby Lockwood 
& Son, Ltd. Pp. xxiv and 391 ; 75 text figs. 25s. 

The second edition, published in 1947, has already been reviewed in 
this Journal (vol. lix, p. 514). New matter appearing in the present edition 
of particular interest to pathologists includes methods for the determination 
of alcohol in blood and urine, of carbon monoxide in blood and of chloro orm 
in blood. All these use the well-known Conway microdiffusion technique 
and apparatus. The determination of ammonia, of total nitrogen, of urea 
and of carbon dioxide receive very full treatment in this edition. 1 
theoretical aspects of microdiffusion analysis are of necessity trea ® 
mathematically, and will present difficulties to some readers, bu ^ 
need not deter them from taking advantage of the practical part, for ac 
methods are clearly and simply described. The last part of the boo ^ 
volumetric error, is of considerable importance but, for many readers, 
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considerable difficulty also Many workers who havo to carry out volumetric 
analyses would be grateful for a simpler and less mathematical treatment 
of the eubject, or alternatively, a mainly non-mathematical summary Q f 
the principles involved and the conclusions reached. 


Bibliography of electron microscopy 

Edited by V. E. Cosslett for the Institute of Physics. 11)50. London 
Edward Arnold & Co Pp 350. 40s. 

Electron microscopy is now applied to most branches of science and 
lias already acquired an extensive literature Tho Electron Microscopy 
Group of The Institute of Physics has rendered a great service by classifying 
most of tho papers published up to the end of 1048. By reading the present 
book, the research worker is able to assess what new advances in his own 
field have come from this powerful aid to fine structure analysis ^hhe 
biological sciences are well represented and many papers are listed, dealing 
with bacteria, viruses, proteins, tissue structure, etc , and the bibliography 
should prove valuable to medical research workers who collaborate Wjth 
tho electron microscopist Perhaps one fault is that indeMng is by author’s 
name rather than by subject matter, but this is no doubt unavoidable, 
for if a given paper interests research workors in more than one branch 
of science, much cross reference would otherwise bo necessary. 
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SUPRARENAL HAEMORRHAGE AND 
NECROSIS IN PREGNANCY 

Majrgabet D. Crawfobd 

Research Department , Royal Maternity Hospital, Glasgow, and Pathological 
Department, St George's Hospital Medical School, London 

(Plates LIV and LV) 

In recent years there have been numerous reports of single cases of 
suprarenal luemorrhage or “ apoplexy ” associated with pregnancy 
and the peerpenum (Hal! and Bemken, 1938; Keeb and Keeh, 
1942; Dodds, 1945; Hurter, 1945-46; Burnett, 1948 ; Arnold, 
Richer and Lepore, 1949). Other workers have noted hemorrhage 
and necrosis in the suprarenal cortex in association with fatal com¬ 
plications of pregnancy, e.g. with severe eclampsia (Way, 1947), 
with accidental luemorrhage (Chirie, 1908) and with renal cortical 
necrosis (Jardine and Teacher, 1910-11 ; Evans and Gilbert, 1936 ; 
Reyna, 1936 ; Hertig, 1946). It therefore seems worth while to 
present a study of the post-mortem material from fourteen pregnant 
or puerperal cases in which suprarenal hemorrhage with or without 
necrosis of the cortex was found. .Twelve of the cases were seen 
during ten years (1936-1946) at the Glasgow Royal Maternity Hospital 
and two were seen more recently. The suprarenal lesions varied 
widely in type and severity from case to case. Only cases in which 
these lesions were a striking feature have been included and an 
attempt has been made to group them according to type of lesion and 
possible cause. Brief accounts of the clinical and pathological features 
of each case are given in an appendix. In none of the cases was the 
suprarenal lesion diagnosed during life and therefore mucli relevant 
clinical investigation is lacking. 

Pathological findings 

The condition was easily recognisable at autopsy because of the 
hremorrhagic appearance of the suprarenals on surface and section. 
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In severe early eases the glands were swollen and plum-coloured, but 
in the later stages they tended to be more brick red. There was 
often an associated retroperitoneal cedema which was sometimes 
blood-stained and sometimes spreading down over the front of the 
kidneys. In over half of the cases both suprarenals were equally 
involved. In the remainder one gland was very much more affected 
than the other but a completely unilateral lesion was found in only 
one case. The lesions were always confined to the suprarenal cortex; 
the medulla was sometimes congested but never showed significant 
pathological changes. 

On microscopic exa min ation the lesions in any particular case 
appear to be all of about the same duration, but there are obvious 
differences between the duration of the lesions in different cases. 
Thom a study of these fourteen cases it has seemed possible to discern 
two main histological types of lesion. These are described here 
according to their apparent duration as judged histologically. 

1. Multiple haemorrhagic lesions. These lesions vary greatly in 
severity from case to case and even from one gland to another in 
the same case; they range from small patches of hsemorrhage and 
extreme congestion of the zona fasciculata (fig. 1) to complete dis¬ 
ruption of the gland by haemorrhage—a true “ apoplexy ” (fig. 2). 

In the milder cases (cases 1, 3 and 4) the initial lesion can be studied 
more clearly. The haemorrhages often appear related to masses of 
enormously swollen, vesicular, cortical cells, some of which show signs 
of disintegrating (fig. 1). In severer cases (cases 2, 6, 8 and 14)— 
mainly those after delivery or fits—the haemorrhages .are larger and 
confluent so that the entire cortex may be involved and the columnar 
structure broken up. 

In patients that survive the lesion for 24 hours (cases 2 and 8) 
the cortical cells show signs of degeneration near the centre of the 
lesion. Their nuclei become shrunken and dark and begin to fade 
and the red corpuscles in the central parts of the lesion lose their 
hsemoglobin although those at the periphery appear normal. Deposi¬ 
tion of a yellow crystalline pigment can be seen around the lesions 
and some polymorphonuclear infiltration occurs at the periphery. 
At a still later stage—about 36 hours—the necrosis of the cortical 
cells becomes the outstanding feature (case 6). Some of the nuclei 
of the cortical cells in the lesions show smudgy pyknosis, while others 
stain very poorly or have disappeared. There are only a few red 
cells left in the area and those that are present are devoid of hsemo¬ 
globin and appear to be degenerating. The necrotic area is usually 
surrounded by a zone of congestion and haemorrhage ; the cells of the 
reticular layer appear to be healthy although this zone may be so 
grossly congested that individual cells appear to be hung in blood 
spaces. 

2. Necrotic lesions. This group consists partly of cases which 
survived the initial lesion longer than those of group 1, the apparent 
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duration varying from about 36 hours to 9 days. The supraronals 
show massive necrosis of the cortex. In cases 6, 9, 10 and 13 the 
lesions are patchy and surrounded by a congested zone (fig. 3) while 
in tho remaining cases (cases 7, 11 and 12) the whole cortex appears 
to be necrosed except for a few groups of cells in tho zona glomerulosa 
(fig. 4). In the lesions of longest duration (case 7, nine days ; case 12, 
seven days) nuclear staining is completely absent from the necrosed 
area except for a zone of lcaryorrhectio nuclear dust beneath tho 
zona glomerulosa: tho cortical cells remain ns ghosts within tho 
columnar fibrous structure which is not disrupted. In case 7 there 
is considerable endothelial and fibroblastic proliferation in the surround¬ 
ing tissues; no remains of hiomorrhage can bo seen and thore is no 
polymorph infiltration. In the less advanced cases (cases 6, 9, 10, 
11 and 13) with lesions estimated as from 36 hours to 6 days old, the 
nuclei of the cortical colls in the affected areas are seen in varying 
stages of disintegration. Considerable polymorph infiltration is seen 
in cases 9, 10 and 11 but not in the others. Only in tho cases of about 
36-48 hours' duration (cases 5, 9, 10 and 11) can red cells still be seen 
in the necrosed areas and they all show loss of hemoglobin (fig. 6). 

Fibrinous thickening of the sinusoid walls in tho congested areas 
surrounding the lesions was noted in a few cases in each group and 
red granular thrombi were present in Borne of the sinusoids in the 
necrosed area in tho case of longest duration (case 7, nine days). 
Theso were of a secondary change in the development of the infarct. 
Arterial thrombi were not found in any case. 

Venous thrombosis was found in only three cases of tho present 
series (eases 0, 8 and 12). In case 6 there was recent thrombosis of 
the central vein of tho left gland and in this gland the cortex was 
disrupted and contained massive hcemorrhages. There wore numerous 
htemorrhages in the right gland but its vein was empty. In caso 8 
there was white thrombus in both suprarenal veins and both cortices 
were grossly congested and showed some absorption of the cortical 
cells. In caso 12 there was thrombosis of the left suprarenal vein, 
while the left gland showed only slight hremorrhagic lesions. In the 
right gland tho main central vein was empty but smaller medullary 
veins were blocked by thrombi and here the entire cortox was in a 
state of advanced necrosis. 

Pathogenesis and .etiology 

No obvious local primary lesion has been found in the present 
series to account for the suprarenal hemorrhages and necrosis. By 
analogy with renal cortical necrosis a vascular catastrophe may bo 
surmised to ho its direct cause although arterial lesions were not 
found. Thrombosis of the central vein or its tributaries has been 
described in several of the reported cases (Hall and Hemken ; Iteolo 
and ICcelo ; Arnold, Richer and Bepore) and in each the thrombosis 
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is considered to be a primary factor; Hall and Hemken state that 
venous thrombosis, due to various conditions, is the commonest cause 
of suprarenal haemorrhage in adults. This conclusion, however, was 
reached from studies on single cases and is not supported by the 
findings in the present fourteen cases. In only three of the fourteen 
cases of the present series was venous thrombosis found. Furthermore, 
thrombosis of the central vein has been observed in one obstetric 
patient, not included in this series, who had no suprarenal lesion at all. 
It would appear, therefore, that thrombosis of the central suprarenal 
vein may occasionally be found in association with suprarenal damage 
but that the two findings are not necessarily interdependent although 
both may be the result of a common cause. 

The condition does not appear to be related to labour, for six 
of the fourteen patients were undelivered or had suprarenal lesions 
which quite clearly dated from before delivery. One outstanding 
predisposing factor would appear to be toxsemia of late pregnancy— 
particularly vomiting of late pregnancy. In five of the present cases 
(cases 4, 5,6, 11 and 12) there was very severe vomiting of late pregnancy 
with consequent metabolic disturbances, such as dehydration, acidosis, 
increased blood concentration and azotmmia; cases 5 and 11 also 
showed severe anrnmia which is sometimes associated with late vomiting 
and in cases 4 and 12 signs of Wernicke’s encephalopathy were present. 
This finding is of special interest as Supplee, Bender, and Kahlenberg 
(1942) found suprarenal haemorrhage and necrosis in rats kept on a 
diet deficient in pantothenic acid; sudden death without signs of 
impending collapse was frequent among the rats. Eclamptic con¬ 
vulsions occurred in cases 1, 2 and 3 and there were elcamptic liver 
lesions in cases 4 and 14. Thus in nine of the fourteen cases there 
was some severe metabolic disturbance. 

During the period in which the present cases occurred, patients 
with hypertensive toxaemia of pregnancy were extremely common 
in the wards of the Glasgow Royal Maternity Hospital but cases of 
vomiting of late pregnancy were relatively rare. The number of 
cases of the latter condition found in this series is therefore striking. 
The incidence of eclampsia (21 per cent.) is approximately the same 
as its incidence in the total number of autopsies performed in the 
Glasgow Royal Maternity Hospital during the same period, and the 
incidence of suprarenal lesions found in fatal eclampsia is about 
2-5 per cent. This is a very different incidence from that found by 
Way who noted suprarenal lesions in 11 out of 33 cases of fata 
eclampsia (33 per cent.). 

Another factor of possible setiological significance is infection, 
six of the patients (cases 8, 10, 11, 12, 13 and 14) there was some 
clinical or post-mortem evidence of infection but unfortuna e y 
bacteriological examinations were not made. These cases. maj, 

therefore, be related to the well-known Waterhouse-Friderichsen 
syndrome. 



Fio. f>.—Case of Addison's disease. Surviving suprarenal medulla amongst 
scar tissue lying m perinephne fat. II. and E. x25. 
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The final factor which must be noted is that all the patients of 
this series, with the exception of the three eclamptic cases, were 
given intravenous infusions of either glucose-saline or blood or 
both and in some the transfusions wore given at a time when, as 
judged histologically, the suprarenal lesions might have originated. 
The question of the absolute sterility of these transfusions must be 
raised. They were given to patients extromely debilitated as a result 
of vomiting, or to pationts who had some clinical evidence of infection 
and many of whom had suffered severe blood loss : it is therefore 
possible that grave damage was caused either by a few organisms 
injected with the fluids or by organisms swept into the general 
circulation from the uterino veins as a result of circulatory changes. 

The condition is in some ways analogous to renal cortical necrosis 
which can be produced experimentally with staphylococcal toxins 
and it resembles closely the Waterhouse-Friderichsen syndrome which 
occurs in meningococcal septicaemia; it is, therefore, possible that 
organisms or a preformed toxin in the injected fluids might be the 
cause of the suprarenal cortical damage in some cases. 

Clinical course 

Signs and symptoms. It will be seen from the case notes given 
in the appendix that the patients suffered from a great variety of 
the most serious compiicarions of pregnancy and this makes it very 
difficult to unravel the clinical effects of the suprarenal lesion. Koele 
and Keele give a detailed description of the right-sided pain in a 
patient with a right-sided lesion and this, with repeated vomiting 
and the absence of abdominal rigidity and shock, they consider to be 
the syndrome of vascular catastrophe in the suprarenals. In the 
present series, cases 1, 6 and 7 were recorded as complaining of transient 
severe backache and cases 4 and 8 of transient severe epigastric pain. 
In these five patients the histological stage of development of the 
suprarenal lesions at death was such that the initial lesion could 
well have occurred at about the time of the pain. The absence of any 
record of pain in other patients may not be significant; backache is 
such a common complaint of obstetric patients at about the time of 
delivery that it is not usually noted in clinical histories. Vomiting, 
sometimes blood-stained, was noted in several cases. In three of the 
present series and in the case reported by Hurter the symptoms came 
on suddenly during or immediately after blood transfusion, closely 
resembling the effect of a mis-mateked transfusion. 

Late effects. Death associated with destructive lesions of the 
suprarenal cortex in non-obstetric cases may occur in various ways. In 
experimental animals, bilateral adrenalectomy results in death after 
a few days during which the animals show a rapid decline to severe 
asthenia ; there is loss of appetite, nausea, diarrhoea, haemo-con- 
centration and a fall in blood pressure. The Waterhouse-Friderichsen 
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syndrome—fulminating meningococcal septsemia associated with 
extensive hemorrhages in the suprarenal cortex—is an illness lasting 
usually only a few hours and ending in sudden death. Chronic 
suprarenal insufficiency, associated with long-standing and often 
gross destructive lesions of the cortex, may be manifest as Addison’s 
disease ending usually as a “ crisis ”, or it may be symptomless ending 
in sudden and unexpected death after slight malaise for only a day 
or two. 

The question arises in the present series as to how far death is to 
be attributed to the suprarenal lesions. None of the patients had 
total destruction of the cortex of both glands so that it is not surprising 
that the adrenalectomy syndrome did not occur. None of the cases 
had survived long enough to develop Addison’s disease. Three of the 
patients (cases 1, 2 and 3) died in coma due to other conditions and 
the suprarenal lesions do not appear to have played any significant 
part in the issue. On the other hand, death was due to sudden and 
unexpected collapse in nine of the fourteen cases reported though 
certainly some of the patients were already seriously ill. This similarity 
in the type of death to that in the usual Waterhouse-Friderichsen 
syndrome and in the non-Addisonian suprarenal destructions suggests 
that at least the suddenness of the death may be related to the 
suprarenal lesions. In the remaining two cases death was due to 
severe and prolonged shock which did not respond to the usual 
treatment and it is possible that the suprarenal lesions may have 
prevented recovery. It is, of course, clear that the cause of the 
suprarenal lesions may have been the actual cause of death in many 
patients. 

It is clear that patients may recover from quite extensive hemor¬ 
rhage and necrosis. In cases 7, 9 and 12 the patients had obviously 
survived for many days after the suprarenal necrosis had occurred 
and death in each case was due to some intercurrent condition. If 
fortune had been more favourable presumably these three patients 
would have recovered, as their suprarenal lesions, though extensive, 
were not equally severe on both sides. Thus it seems reasonable to 
presume that there are some patients with suprarenal lesions of this 
type who do in fact recover. It is impossible to say how many such 
patients there are, as the suprarenal lesions at the initial stage cannot 
be diagnosed with certainty by present clinical methods. The 
subsequent course of the suprarenal lesions in the surviving patients 
can be prognosticated from ordinary pathological principles. Small 
cortical liEemorrhages would either be absorbed or heal with small 
scars ; the healing of the large areas of necrosis which involve the whole 
cortex would, however, result in a very thin cortex consisting almost 
entirely of fibrous tissue, possibly showing some round-cell infiltration 
and with occasional small areas of surviving cortical cells which wou 
give rise to hyperplastic nodules. These appearances are in fact seen 
in a number of patients who die of Addison’s disease not due to 
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tuberculosis, as described by Barnard (1930), Guttman (1930), Hellier 
(1930) and Susman (1930.) The condition is sometimes referred to 
as cortical atrophy but this term is better kept for the true atrophy 
which occurs in hypopituitarism. Guttman, in a comprehensive review 
of 566 deaths due to Addison’s disease, found that in 70 per cent, 
the destruction was due to tuberculosis, 19 per cent, were what he 
called “ primary contracted suprarenals ”, and the remaining 11 per 
cent, were due to a variety of causes such as tumour, amyloid, etc. 
It is of interest that while he found males to predominate over females 
in the tuberculosis group by about 2 to 1, in the “ primary contracted ” 
group females predominated by 1 -6 to 1. In both groups the maximum 
number of deaths occurred at the age of about 38 years. Susman 
gives detailed pathological findings of five cases of Addison’s disease 
due to atrophy of the cortex of unknown [etiology and of these cases 
four were females and one male. In a second paper (Susman, 1936) 
dealing with the incidence of “ atrophy ” of the adrenals he finds 
that from results published in England 33 per cent, of cases of Addison’s 
disease are due to “ atrophy ” while the results from other countries 
show about a 10 per cent, incidence. In the English group females 
predominated over males by almost 6 to 1 and all the females were 
aged between 36 and 46 years. Susman and Guttman both describe 
the " atrophy ” of the cortex as of unknown [etiology. It appears 
probable that many of these “ atrophic ” suprarenals may have been 
the healed stage of some severe aoute destructive lesion which occurred 
some time, perhaps years, previously. Further study is required to 
assess how many may have originated as non-fatal cases of the 
obstetric type described here or of the Waterhouse-Friderichsen 
syndrome. A term such as post-necrotic scarring of the suprarenals 
would be a more accurate description of the pathological state of these 
glands than the terms “ primary contracted suprarenals ” and 
“ atrophy of the suprarenals ” used by previous writers. 

The suprarenal of a scarred-cortex case is shown in fig. 6. This 
woman had one pregnancy which was reported as normal but after 
delivery she was moved to an isolation hospital for puerperal pyrexia. 
She responded moderately well to treatment but died in a typical 
Addisonian crisis about two years later. At autopsy no suprarenal 
glands could be found but sections taken from the fat in the neigh¬ 
bourhood showed surviving suprarenal medulla, some masses of small 
round cells and a few surviving cortical cells (fig. 6). 

Discussion 

A study of the literature on suprarenal luemorrhage and necrosis, 
excluding well-defined syndromes such as the Waterhouse-Friderichsen 
syndrome and the suprarenal haemorrhage of infanoy, reveals a 
remarkable complexity and variety of associated conditions. Hcemor- 
rhage and focal necrosis in the suprarenal cortex have been reported 
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in. cases of cortical necrosis of the kidneys loy Weaver and von Haam 
(1939), Jardine and Teacher, and Evans and Gilbert. Three of these 
cases (Jardine and Teacher, 2 cases; Evans and Gilbert, 1 case) 
occurred in pregnant women suffering from extremely severe eclampsia, 
while the case of Weaver and von Haam followed tonsillitis. The 
changes described in the suprarenals closely resembled the findings 
in some of the present series but cortical necrosis of the kidneys was 
not found in any of the present cases. Rich (1944) describes a focal 
necrosis of the suprarenal cortex in two non-pregnant patients with 
fulminating infection. Mitchell and Angrist (1943) describe focal 
necrosis of the suprarenal cortex without gross haemorrhage in eighteen 
cases, mainly acute infections, and from the multiplicity of .•etiological 
factors they conclude that there is a physiological factor in the 
production of the necrotic lesions. 

Many of the cases so far reported have occurred in pregnancy. 
Arnold, Richer and Lepore found that five out of eighteen previously 
reported cases of suprarenal haemorrhage were pregnant women and 
they consider that there must be an increased liability to the lesion 
during pregnancy. This is supported by the fact that there are now 
more than 20 recorded cases of suprarenal haemorrhage associated 
with pregnancy in addition to the 14 cases reported here. The reason 
for this association is perhaps the co-incidence during pregnancy 
and the puerperium of the increased risks of metabolic deficiencies 
and of massive infection. Certainly these two factors, together or 
separately and in varying degree from case to case, appear prominent 
in the present series and also in the previously reported cases associated 
with pregnancy. The condition must be regarded as a similar 
phenomenon to the Waterhouse-Friderichsen syndrome but with 
different {etiological factors. 


Summary 

Fourteen cases of haemorrhage and necrosis of the suprarenal cortex 
during pregnancy and the puerperium are reported. The histology 
of the lesions is described and the clinical aspects of the cases discussed. 
Massive infection and the toxaemias of late pregnancy associated wit i 
severe malnutrition appear to be possible setiological factors. 

Non-fatal cases may later develop Addison’s disease and have 
severely scarred or almost non-existent cortices; they presuma j 
form part of the group previously described as “ primary contraete 
suprarenals ” or “ atrophy of the suprarenals,” but more appropriate y 
named post-necrotic scarring. 

I am greatly indebted to Professor H. L. Sheehan and Professor T. 
for their generous help in the preparation of this paper. Thanks are a so 
to Dr Lederer, Doncaster Royal Infirmary, for the notes and materia rom 
case of Addison’s disease. 
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Appendix 

SUMMARIES OF CASE REPORTS 

Case 1 Aged 36 years, 6th pregnancy She developed oedema and at 
28th -week had sudden severe back pam One hour later she became comatose 
and died in 3 hours -without being delivered Autopsy showed evidence of 
malignant hypertension with gross eclamptic lesions in the liver and a large 
cerebral hemorrhage Both suprarenal glands showed multiple patches of 
hEemorrhage deep m the cortex but no necrosis Venous thrombosis and poly 
morphonuclear infiltration were not present but there was marked round cell 
infiltration The lesions were judged only a few hours old 

Case 2 Aged 25 years, 4th pregnancy She developed oedema, anorexia 
and asthenia during the last month of pregnancy One week before term she 
became suddenly blind and was delivered spontaneously after 6 hours labour 
She collapsed and 10 hours after delivery had 3 fits and became comatose 
(Temp 102° 106° F , Pulse 160/mm , Blood urea 112 mg /100 ml, Blood tine 
acid 14 mg /100 ml) She was given 150 ml of 60 per cent glucose solution 
intravenously but died 42 hours after delnery Autopsy showed broncho 
pneumonia, eclamptic lesions m liter and kidney and petechial hemorrhages 
m the brain and endocardium The suprarenal glands showed gross distension 
of the central \ eins and cortico medullary regions with haemorrhage radiating 
into the outer cortex There was some necrosis and absorption of the cortical 
cells in the most congested areas but elsewhere the cells appeared normal 
The R B C in the deeper lay ers of the cortex showed loss of hremoglobm There 
was no pigment and polymorphs were scanty The lesions appeared of about 
36 hours’ duration 

Case 3 Aged 35 years, 6th pregnancy She had no antenatal care but 
de\ eloped some oedema and was delivered spontaneously at 40 weeks She 
collapsed 5 hours later and bad 2 eclamptic fits Death occurred 41 hours 
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CYLINDROMATOUS MUCOUS-GLAND TUMOURS OF 
THE TRACHEA AND BRONCHI: A REPORT OF 
THREE CASES 

R. H. R. Belsey and J. C. Valentine 

From the West Regional Thoracic Unit and the Department of 
Pathology, University of Bristol 

(Plates LVI-LVHI) 

Reisnek in 1928 described a benign epithelial tumour of the bronchus 
and drew attention to other possible cases in the German literature. 
Since then there have been many and full accounts of such tumours 
by American, British and Scandinavian authors (Wessler and Rabin, 
1932 ; Jackson and Konzelmann, 1936-37 ; Foster-Carter, 1941 ; 
Engelbreth-Holm, 1944-45 ; Moerseh el til., 1945 ; Holley, 1946). These 
tumours are usually referred to as adenomas and consist of solid masses 
of cells of remarkably uniform appearance supported by a scanty 
vascular stroma and often having an acinar arrangement. 

There is, however, another epithelial tumour of the trachea and 
bronchi which runs a relatively benign course, but which, although 
in many respects resembling the commoner adenoma, differs greatly 
from it in its histological appearance. This is the so-called cylindroma. 
This term was originally coined by Billroth (1856, quoted by Kramer 
and Som, 1939) to describe a tumour of the orbit in which there were 
intertwining cylinders of epithelial cells in a hyaline stroma. Since 
Billroth’s original description the term has been much abused and 
in 1877 Heschl pointed out that there were three different types of 
cylindroma and then added a fourth : this was a connective tissue 
tumour of the lung and appears to have little relationship to the 
cylindroma described by Billroth. Cylindroma of the lung has been 
adequately described in America (Kramer and Som, 1939 ; McDonald 
et al., 1945) but has received little attention in the British literature 
and we have found records of only four cases. Cann (1938) reported 
two basal-cell carcinomas of the trachea which were substantially 
the same as the tumours here described. Foster-Carter’s case 16 and 
case 6 of Willis’s (1948, p. 379) collection of pulmonary tumours are 
also of this type. In view of this virtual omission from the British 
literature we wish to report three such cases which have come under 
the care of one of us (R. B.) in the last 7 years. 

J. PATH. PACT.—VOL. I A377 
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Case Reports 
C ase 1 
Clinical history 

Pw P., a man aged 64 years, was admitted with a history of eight attacks 
of right-sided pneumonia during the previous two years. Cough and expectora¬ 
tion of blood-streaked sputum had persisted for the last seven months. Tliero 
was collapse of the right middle and lower lobes. Bronchoscopy showed complete 
obstruction of the right stem bronchus just below the upper lobe orifice by a 
tumour having the macroscopic appearance of the polypoid type of broncho¬ 
genic carcinoma. As much as possible of the tumour was removed with biopsy 
forceps to permit drainage of the obstructed segments of lung tissue. Histological 
examination of these fragments failed to show whether the “ tumour ” was 
neoplastic or inflammatory. Following partial removal of the tumour the 
right middle lobe re-expanded. A right pneumonectomy was performed and a 
post-operative course of X-ray therapy to the chest was given. When seen 
three months later he was well, but four and a half months after the operation 
he died at heme and no autopsy was performed. 


Pathological examination of the tumour 

The original bronchoscopic biopsy contained fragments of bronchial 
mucosa beneath which were what appeared to be dilated mucous 
glands and it was thought that this might be due to inflammatory 
reaction. Later, when the sections of the tumour were examined, it 
became clear that what had been thought to be dilated mucous glands 
were in fact part of the tumour and it should have been possible to 
diagnose the condition from the original biopsy. 

The tumour measured 5 cm. in its greatest diameter. It arose 
by a broad base from the main bronchus of the right lower lobe and 
projected into the lumen in polypoid fashion towards the trachea for 
a distance of 2-5 cm. This extension was blunt and presented on the 
whole a smooth appearance, but closer examination showed it to have 
a mammilated surface. There was a similar but much smaller extension 
of the growth peripherally which completely blocked the main bronchus. 
Beyond this obstruction the bronchus was dilated and filled with thic 
yellow pus. The tumour was firm and elastic and varied in colour 
on section. In places it was homogeneous and white, with fine fibrous 
trabeculae : other portions were almost gelatinous iu appearance. 
Although the tumour was for the most part well circumscribed an 
appeared to he compressing rather than infiltrating the surroun g 
structures, invasion was evident in places. A hilar lymph node vas 
much enlarged and contained obvious tumour tissue of precise y lC 
same macroscopic appearance as the tumour in the bronchus. 

Histologically the bronchial epithelium is intact over much o 
tumour hut in places has been destroyed by inflammation. ^ 0I \ 

point exuberant granulation tissue has burst through the epit e u 
to enter the lumen of the bronchus. The tumour has a eharac en ~ 51 
pattern (figs. 1 and 2) consisting of masses of epithelial cells surroun 
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spaces which are usually filled with homogeneous eosinophilic material. 
These spaces vary from five to soveral hundred microns in diameter. 
Serial section shows that many of them are tubular in shape and 
that they communicate with one another. The cell masses are sot 
in a hyaline or mucoid stroma, in addition to which there is a loose 
and rather inconspicuous fibrous tissue framework with occasional 
smooth muscle cells. The amount of mucoid material varies greatly, 
being scanty in the cellular areas while in other places it is contained 
within large spaces lined with flattened or cubical epithelial cells, the 
appearance being not unlike that of a colloid goitre (fig. 3). In some 
places the amount of mucoid stroma is greatly increased so that a 
lacework pattern is produced in which the epithelial cells are greatly 
distorted, becoming stellate or elongated. This has proceeded to 
such a degree that in some places the tumour is largely composed of 
mucoid material with isolated clumps or singlo epithelial cells enmeshed 
within it (fig. 4). This gives rise to an appearance closely resembling 
that seen in “ mixed ” parotid tumours. In yet other places the 
epithelial cells at the centre of the cell masses are arranged in a loose 
network while those at the periphery are lined up in palisade fashion 
like an adamantinoma or basal-coil cancer of the skin. 

The tumour tissue generally is well circumscribed and contained 
within a fibrous-tissue capsule produced by condensation of the 
surrounding lung tissue. There is, however, definite neoplastic invasion 
of bronchial cartilages, lung tissue and perineural lymphatics. An 
intrapulmonary lymph node as well as the hilar node mentioned 
previously also contains tumour. 

In the more cellular areas the size and shape of the cells are variable, 
being either round, spindle-shaped or triangular. The nuclei are 
usually small and darkly staining, though Borne are paler and these 
contain a fine evenly scattered chromatin network and often a single 
nucleolus. Mitotic figures are generally few, but in places, particularly 
where the cells are closely packed, as many as three per high-power 
field are found. 

Some of the spaces are lined by cells which differ from the usual 
in being larger, their cytoplasm in particular being quite abundant. 
The nuclei are rounder and more pale-staining but the most striking 
feature is that a number possess well-developed cilia at their free 
margin (fig. 5). Such cilia are found in spaces as small as 20 p in 
diameter. Occasionally one finds spaces such as the one illustrated 
in which one Bide is lined with ciliated epithelium while the opposite 
side is lined with flattened cells which Bhade off imperceptibly into 
the ordinary tumour tissue. We believe that the ciliated epithelium 
is part of the tumour. 

Soveral methods for staining mucin were used and gave strongly 
positive results in places, but negative results in others. The staining 
is usually more strongly positive in the larger spaces. No argentaffin 
granules are demonstrated in any of the tumour cells. 
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Case 2 

Clinical history 

F. M., a woman of 41 years, was admitted in 1943 with two years’ histon 
of dyspnoea, and discomfort in the right chest. There had been a hremoptysii 
just before admission. The patient appeared well and there were no abnormal 
physical signs, but X-ray examination of the chest suggested collapse of an 
azygos lobe at the apex of the right lung. Bronchoscopy revealed a tummu 
with the smooth polypoid appearance characteristic of a benign adenoma. 
It was growing into the right main bronchus from the right-hand wall and 
almost obstructing its lumen. A biopsy was reported as benign adenoma ol 
bronchus. 

At operation the tumour was found to extend tlirough the wall of the 
bronchus, obstructing the branch to the azygos lobe and extending upwards 
to involve the lower end of the trachea for half a centimetre above the level 
of the carina. A right pneumonectomy was performed and the infiltrated 
portion of the tracheal wall resected. 

The patient remained well for six years but was then re-admitted with 
dyspnoea and stridor. Bronchoscopy showed an extensive recurrence of the 
tumour, which was now obstructing the lower end of the trachea and extending 
upwards to involve the greater portion of the intrathoracie segment of the 
trachea. The tumour was very vascular. A biopsy showed the same appearance 
as before. Extensive resection and reconstruction of the intrathoracie trachea 
was performed but it was not possible to remove an extension of the tumour 
,down the medial wall of the left main bronchus. There was no evidence of 
lymphatic spread. Early convalescence was complicated by obstruction in 
the reconstituted trachea but this was relieved by bronchoscopy and the patient 
is now, 18 months after the operation, well, except that mild stridor is still 
present. 

Histology 

The original biopsy sections were available for study. They show 
a picture identical with that of case 1 except that no ciliated epithelium 
is foun d in any of the sections. As in the first case, perineural lymphatic 
invasion is a prominent feature and in places mitotic figures are 
numerous. Further material from the recent recurrence shows precisely 
similar appearances, including prominent lymphatic permeation 
(fig, 6), and there is also invasion of the bronchial cartilage. The 
mucous membrane is still intact over the surface of the tumour (fig- ?)> 


Case 3 

Clinical history 

D. C., a woman of 42 years, was admitted in 1944 complaining of wheeling 
and a non-productive cough. Two years previously a “ cyst ” was sai 
have been removed from the trachea through the bronchoscope and the P a 
received a course of X-ray therapy lasting three months. 

She was emaciated and stridor was marked. Bronchoscopy revea 
tumour with the typical appearance of a bronchial adenoma almost comp e ® 
obstructing tbe lower third of the trachea. A biopsy showed a benign trac c 
adenoma. There was no evidence of metastasis. _ , I 

A right transpleural thoracotomy was performed and a portion of r “ c 
wall bearing the tumour and its base was excised and the resulting 
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repaired. Convalescence was uneventful and the patient’s symptoms were 
relieved. 

A year later she was readmitted with recurrence of the tumour at the some 
site and a return of wheezing and cough. Biopsy showed the same appearance. 
The stridor became rapidly worse and an extensive resection of the intrathoraeic 
trachea with plastic reconstruction was carried out. The growth was found 
to infiltrate the tracheal wall extensively from the level of the carina to a point 
about one inch below the apex of the thorax, but had not encircled the lumen. 
The patient was again relieved of all symptoms for a year but then relapsed 
and died. At autopsy there was further recurrence in the right main bronchus 
and upper part of the intrathoracic trachea ; there were also seedling nodules 
in the right pleura, probably implanted at the time of the second operation. 


Histology 

Sections from the original biopsy and a portion of the pleura 
removed at autopsy were available for study. These show precisely 
the same appearances as those of case 2, but in this instance lymphatic 
permeation is found only in the specimen of pleura. 

Discussion 

Morbid anatomy and histology 

There is little in the naked-eye appearance which serves to 
distinguish the cylindroma from the ordinary adenoma unless it be 
the slightly glassy or gelatinous appearance which they possess and 
their tendency to involve the trachea more commonly than the 
bronchus, which the adenoma rarely does (McDonald et al.). When 
they do arise in a bronchus it is almost invariably a large one and a 
polypoid tumour is formed, the portion projecting into the lumen 
being directed towards the trachea, due, it is thought, to the convulsive 
efforts of coughing (Kramer, 1930 ; Schwartz, 1944). They arise by 
a broad base and the extra-bronchial portion may be of considerable 
size. The tumour is usually sharply demarcated from the rest of the 
lung but may show local invasion as in our first case. 

A characteristic feature which these tumours share with the 
ordinary adenoma is the fact that the bronchial epithelium is usually 
intact over the surface of the growth. Not uncommonly, however, 
there is squamous metaplasia and the mucosa may become greatly 
thinned, as in our first case, where it was reduced to a single layer of 
greatly flattened cells. 

Most authors stress the absence of mitoses and yet in all our cases 
they were numerous in places. Clerf and Bucher (1942) also mention 
abundant mitoses but do not make it clear whether there was any 
difference in this respect between their solid and their cylindromatous 
types. 

It has been stated that the presence of mucus in these tumours is a 
characteristic feature differentiating them from the solid type of 
bronchial adenoma, but this is not so, since there are a number of 
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instances in the literature of solid adenomas -with mucus production 
(Gowar, 1936-37 ; Foster-Carter, 1941; Engelbreth-Holm, 1944 - 45 ). 
The variation in the staining reactions of the mucoid material which 
we have noted has also been recorded by others (McDonald et al, 
1945) and Demaitre (1938) has pointed out that mucicarmine stainirw 
is not always typical, even in normal mucous glands. 


Histogenesis 

Since both solid and cylindromatous types are commonly covered 
by intact bronchial epithelium it is unlikely that they arise from it. 
The only other epithelial structures in the bronchus and trachea are 
the mucous glands and their ducts, and most authorities are agreed 
that these are the probable source of these tumours. Fried (1934) 
and Laff (1940) state that they arise only in bronchi whose diameter is 
greater than 10 mm. and suggest that the explanation for this is that 
mucous glands are not found in the smaller bronchi. This is incorrect; 
Maximow and Bloom (1942) state that glands can be found as far out 
in the bronchial tree as the cartilage extends, that is, to bronchi of 
about 1 mm. diameter. That adenomas can arise peripherally has 
been shown by Mayo (1942) and by Maier and Fischer (1947), but they 
are extremely rare and it is difficult to explain why this should be so. 
It is conceivable that they do not give rise to symptoms in the smaller 
bronchi and so do not come under observation at an early stage. 
This suggestion receives some support from Maier and Fisher, who 
found that in five patients with adenomas arising in branch bronchi 
two were apparently well when the tumour was detected by mass 
radiography. On the other hand, one would expect to see occasional 
cases at autopsy and so far as we are aware none has been reported. 

Since these tumours are almost certainly derived from the mucous 
glands of the bronchus and trachea one would expect them to he 
similar in histological appearance to tumours of the salivary glands, 
and this is indeed the case. Harvey et al. (1938) in their discussion 
of salivary-gland tumours state that similar tumours can occur in 
the bronchi, and their photomicrographs of salivary-gland tumours 
are in a number of instances identical with those of our cylindromatous 
tumours of the trachea and bronchus. A similar resemblance is found 
in the illustrations of Patey (1930-31). Engelbreth-Holm, while 
admitting the striking resemblance between these two groups o 
tumours, points out that there are several features characteristic 
of the “ mixed ” salivary-gland tumour which are not found in the 
bronchial adenomas of either solid or cylindromatous type. One does 
not, for instance, see the chondroid material which is such a feature 
of the salivary gland tumour. It is true that the classical chondroi 
material is not seen but myxomatous changes can be found in our 
first case (fig. 4) and are also illustrated by Kramer and Som. I 
no means all salivary-gland tumours contain chondroid material an 
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in a series of 81 such tumours examined by Dockerty and Mayo (1942) 
15 presented a purely cylindromatous appearance. Lemaitre also has 
reported purely cylindromatous tumours of the salivary glands. 

Bone and cartilage are not infrequently found in bronchial adenomas 
of the solid variety and most authors attach little importance to this 
finding, regarding them as either inclusions of normal bronchial 
cartilage or as evidence of metaplasia on the part of the stroma (Stout, 
1943; Holley, 1940). We agree with this view. Cartilage-when present 
is usually normal bronchial cartilage involved in the tumour. Bone 
formation too is readily explained, since it is not uncommonly found 
in the lung in healed tuberculosis and may sometimes be found in 
mitral stenosis (Lawson, 1949). The contention of Womack and 
Graham (1938) that these tumours are true mixed tumours in the sense 
that they are derived from more than one germinal layer is, we feel, 
unjustified, and the fact that they resemble “ mixed ” salivary-gland 
tumours in no way strengthens the argument, since most authorities 
are agreed that they also are entirely epithelial in origin (Harvey 
et al., 1938 ; Willis, 1948, p. 322). 

One is struck by the histological resemblance of parts of these 
tumours to some types of rodent ulcer, and it was this among other 
things which led Cann to classify his two tracheal tumours as basal¬ 
cell carcinomas, a view that is supported by Beck and Guttman 
(1930), Kramer and Som (1939) and Engelbreth-Holm (1944). Harvey 
et al. draw attention to Krompecher’s observation that many of the 
tumours of salivary and lachrymal glands resemble rodent ulcers and 
Dockerty and Mayo found evidence that salivary-gland tumours are 
derived from basal cells. Harvey et al. themselves suggest that 
salivary-gland tumours are derived from a primitive replacement 
epithelium which may form gland acini or ducts or may become 
neoplastic. The tumours so formed vary in appearance within the 
limits set by the potentialities of the primitive cell. This being so, 
the argument in the literature as to whether these tumours are derived 
from the ducts or the gland itself becomes pointless. Origin from 
primitive replacement epithelium would also explain the presence of 
ciliated epithelium in our first case. 

Opinions vary as to whether these tumours are to be regarded as 
separate from the ordinary adenomas. McDonald et al. separate them 
sharply on both clinical and histological grounds but Anderson 
(1942-43) and Willis (1948, p. 382) regard them as fundamentally the 
same. Engelbreth-Holm found two tumours in which areas character¬ 
istic of both types could be found. In our three cases the histological 
appearances are quite distinct from those seen in the ordinary adenoma 
but we feel that this argument too is resolved by the suggestion that 
these tumours are derived from primitive replacement epithelium, 
and that while in most instances the two tumours are histologically 
distinct they have a recent common ancestry and mixed types may 
occur. 
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Malignancy and prognosis 

Whatever the histogenesis of these tumours they must not be 
confused with the more common bronchogenic carcinoma, the prognosis 
of which is so much worse (Churchill, 1939). The majority are of 
low-grade malignancy and carry a more favourable prognosis than 
any of the usual bronchogenic carcinomata. This is well illustrated 
by Fried (1947), who reported only 3 of 28 patients alive and well 
5 years after surgical excision of carcinoma of the lung, while many 
of the reported cases of cylindroma have a history of many years of 
bronchial obstruction prior to surgical treatment or biopsy. Never¬ 
theless, there is an increasing number of cases in the literature of 
bronchial adenoma and cylindroma in which there is undoubted 
evidence of malignancy (table), and it is now clear that these tumours 
are by no means as benign as was originally believed. 

Table 


Cases collected from the literature in which metastases 
have been reported 


Author 

Site of secondaries 

Type of tumour 

Chamberlain and Gordon 
(1945) 

Laff and Neubuerger 
(1944) 

Womack and Graham 

Same lung 

? Cylindroma 

Other lung 

Cylindroma 

1. Liver and lung 

Adenoma (no histology 

(1938) 

of metastases) 

2. Liver 

Adenoma 

Anderson (1942-43) 

Liver 

Cylindroma 

Holley (1946) 

1. Liver 

Adenoma 

2. Kidney 

Cylindroma 

Willis (1948, p. 379) 

Lungs, pleura, mediastinum, 
liver, vertebras, subcutane¬ 
ous tissue 

Cylindroma 

Adams, Steiner and Bloch 

1. Lumbar vertebra; 

Adenoma 

(1942) 

2. Liver, lymph-nodes 

Adenoma 


Lymph-node involvement has also been reported by a number 
of authors, including Adams et al. (1942), Chamberlain and Gordon 
(1945) and Crafoord and Lindgren (1945). 

A further manifestation of malignancy, noted by Anderson and 
illustrated by Engelbreth-Holm, is the tendency to invade blood 
vessels and perineural lymphatics. It is of interest in this connection 
that Dockerty and Mayo found that the cylindromatous type of 
salivary-gland, tumour shows a greater tendency to invade the peri¬ 
neural lymphatics than other varieties. Apart from lymphatic an 
blood-vessel permeation, local tissue invasion is regarded by McDona 
et al. as a distinguishing feature between cylindroma and adenoma, 
but other writers are less certain of this (Clerf and Bucher ; Holley). 
We support the view of McDonald et al. and believe that the cylin ro 
matous tumour is distinctly the more invasive of the two. Tus 
opinion is based upon the histories of 13 cases of ordinary adenoma 
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seen between 1943 and 1948. One of these died as a result of operation 
and one recurred after inadequate removal. All the remainder are well. 

Another feature of these tumours is their great tendency to local 
recurrence, well illustrated in our second case. In a personal com¬ 
munication Dr Edith Dawson mentions a tumour of this type which 
recurred 3 or 4 times after local removal. The resemblance to “ mixed ” 
salivary-gland tumours is again evident in this tendency to recur 
locally but to metastasise rarely. 

It is clear, therefore, that apart from their secondary effects on 
the lung these tumours are by no means entirely benign and must be 
regarded as carcinomata of low-grade malignancy. Some discussion 
will be found in the literature as to whether they ever become converted 
into the more usual types of bronchogenic carcinoma. It seems 
extremely unlikely that this ever occurs, since one does not see inter¬ 
mediate types and the sex incidence is so very different. Bronchial 
adenomas are at least as common in women as in men. Of 120 cases 
reviewed by Foster-Carter 62 per cent, occurred in women. This is 
in marked contrast to the figures given for bronchogenic carcinoma, 
of which 76-90 per cent, occur in men (Brunn and Goldman, 1941 ; 
Hadfield and Garrod, 1947). 


Glassification 

It has been shown that, judged by their behaviour, these tumours 
must bo regarded as carcinomata. In so doing, however, they must 
not be confused with the more usual types of bronchogenic carcinoma, 
nor must they be confused with the ordinary adenoma of the bronchus, 
for although they have a common origin they are histologically distinct 
and considerably more malignant. 

Some pathologists object to the term cylindroma as being ambiguous 
and uncertain in its meaning and Willis (1948, p. 336), in discussing 
salivary-gland tumours says of the term that "... it has no real 
meaning save as a nickname for a certain type of structure, and it 
is used in different senses by different writers ”. If the word is to be 
rejected what then is to take its place ? It seems scarcely justifiable 
to introduce yet another term and in recent years at least the histo¬ 
logical descriptions of cylindromas of the trachea and bronchus have 
been quite uniform. We therefore suggest that the word—whatever 
its shortcomings—be retained as a descriptive title, that these more 
lowly malignant tumours of the trachea and bronchi be classified as 
mucous-gland tumours and that they bo subdivided into (1) adenoma 
(2) cylindroma, and (3) a mixed type. 

Summary 

1. Three cases of a cylindromatous type of tumour of the trachea 
and bronchus are described, in one of which ciliated epithelium was 
present as part of the neoplastic process. 
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2. The literature is reviewed and a similarity traced between these 
tumours, salivary-gland tumours and basal-cell carcinomas of the 
skin. 

3. It is suggested that they he classified as a sub-group of the 
mucous-gland tumours of the trachea and bronchi, and that they be 
separated from the more usual type of adenoma of the bronchus, to 
which they are related by a common ancestry from primitive replace¬ 
ment epithelium. 

4. Cylindromas of the trachea and bronchi behave as carcinomata 
of low-grade malignancy, with a pronounced tendency to local 
recurrence. They rarely metastasise, but invade locally and are 
rather more malignant than the ordinary adenoma. 

We wish to thank Prof. T. F. Hewer for encouragement and criticism in the 
preparation of this paper and Dr O. C. Lloyd for helpful suggestions. The 
photomicrographs were taken by Mr G. H. Rogers. 
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(2) Decolorise with 70 per cent, ethyl alcohol until the blue colour remains 
in the chief cells only. 

(3) Wash with water. 

(4) Stain with phloxine 2 per cent, aqueous solution for 3 minutes. 

(5) Wash with water. 

(6) Stain with methyl green 1 per cent, aqueous solution for 30 seconds. 
Result:—Pepsinogen granules purple ; parietal cell cytoplasm and Paneth 

granules bright red ; nuclei and goblet-cell mucus green. 

Clinical material 

The biopsy procedure was carried out on 150 patients complaining of a 
variety of dyspeptic symptoms and in whom an opaque meal showed no gross 
abnormality. Forty-three cases of pernicious an® mi a were also investigated. 


Normal histology or the body mucosa 

The normal mucosa of the body of the stomach consists (fig. 1) 
of a mucus-secreting surface epithelium dipping down into foveolsDi 
Into each foveola several tubules open. The necks of these tubules 
are lined by mucus-secreting cells, then follow parietal and chief 
cells. The parietal cells are situated mainly in the upper one-third 
of the tubule, while a few are applied to the outside of the chief cells 
in the lower two-thirds. 

In the 14-weeks-old embryo gastric glands can be seen beginning 
to differentiate from foveolm. In the adult the epithelial cells of the 
foveolte show frequent mitoses (Bensley, 1928). Thus it seems probable 
that replacement of the tubular epithelium, even in adult life, is by 
the same method as its original formation in the embryo. There is 
also an obvious gradation in differentiation from the cells in the depths 
of the foveolse to the fully differentiated mucus-secreting surface cells, 
indicating that replacement of these cells is also by foveolar cell 
multiplication. This becomes more obvious during the replacement 
of surface epithelium following its loss from injury (fig. 4). 

IIlS TO PATH O LO G Y OF THE BOX>Y MUCOSA 

No significant change is seen in the gastric mucosa of fifty-five of 
the cases of dyspepsia. In the remainder, various degrees of atrophy 
of chief and parietal cells are present. In these patients the severity 
of the atrophy is in general proportional to the extent of the gastritis, 
so that two broad classes can be recognised, namely:— 

1. Superficial gastritis with minimal atrophy (figs. 2 and 3}— 

45 cases. 

2. Gastritis extending into the depths of the mucosa with modern e 

to severe atrophy—50 cases. 

In the 43 cases of pernicious anremia there is a range of almost 
complete to complete atrophy of chief and parietal cells but gas n is 
is absent or minimal. 



[G. 2. — Superficial gastritis, showing 
lengthening and tortuosity of the pits 
and infiltration of the superficial 7one of 
the lamina propria by wandering cells 
Hrcmntoxjlin and cosin. x 120. 


Fig. 3 —Superficial gastritis. The same 
specimen as fig. 2 stained to show the 
normal basal two-thirds of the tubules, 
•with plenty of dnrk-staining pepsinogen 
granules in the chief cells. Trichrome. 
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Gastritis avd gastric atroth\ 



Fig 4—Gastric mucovi three dnjs after h'eraatemesis following a severe alcoholic 
bout The necrotic surface epithelium is being replaced by nctn clj proliferating 
epithelial cells growing out from the pits The lamina propria shows many 
darkly stained e\.tra\ nsated red cells Tnchromo x 400 



Fig 3—Superficial gastritis, showing flattened surface epithelium vith many 
polj morphs in the superficial zone of the lamina propria Hrematoxyhn ami 
eosin x400 
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So far biopsies have been repeated in only a few eases, and so no 
attempt was made to assess the acuteness or chronicity of any gastritis 
observed. 

Superficial gastritis 

The morphological changes constantly noted in this group are as 
follows:—The surface epithelium is flattened and often forms a 
syncytium more than one cell thick, with indistinct cell borders and 
byperckromatic nuclei. This appearance is one of recent epithelial 
regeneration, occasionally plainly beginning in the foveolse (fig. 4). 
The function of mucus secretion is poorly developed in these cells. 
That shedding of the surface layer had occurred is shown by patches 
which are completely denuded of the mucus-secreting cells, and in 
three cases investigated soon after excessive alcoholic intake, necrotic 
clumps of these cells are seen in the adherent mucus. Regenerating 
epithelium of similar appearance is seen experimentally in the healing 
of the mucosal breach produced in the cat’s stomach by biopsy 
(Gunter, 1950). 

There may be rupture of the capillary plexus, which is immediately 
subjacent to the surface epithelium, with extravasation of blood into 
the stromal tissues. Occasionally, as in acute alcoholism, hmmatemesis 
has resulted. The superficial portion of the lamina propria shows 
dense infiltration with wandering cells, predominantly neutrophil 
polymorphs (tig. Sj, hut lymphocytes and plasma cells are also present 
in varying numbers. The plasma cells occupy a more superficial 
position than the lymphocytes. There is evidence of active multiplica¬ 
tion of the fovoolar cells, causing a dilatation and lengthening of the 
pits (fig. 2). Mucus-secreting neck cells extend down the tubules. 
This may be due either to a failure in tho normal differentiation into 
pepsin-secreting cells or to an actual change from pepsin secretion to 
mucus secretion in cells already differentiated (fig. 6). Change from 
one type of cell to another is a commonly observed phenomenon. 
Harvey (1906-07) noted that after gastroenterostomy in dogs the pepsin- 
secreting chief cells change to mucin-secreting cells for a distance of 
7 mm. from the line of the anastomosis. This change was complete 
in three weeks. Florey et al. (1932) also observed that serous-secreting 
cells in the trachea of the cat change to the mucus-secreting type 
under the influence of various irritants. 

In superficial gastritis, the basal two-thirds of the tubules remain 
normal (figs. 2 and 3). Here the parietal cells stain well and the chief 
cells contain plentiful pepsinogen granules. Histamine test meals 
in these patients show low or absent acid and a reduction in pepsin 
values. H the damaging agent can be determined, as in tbe alcoholic, 
and removed, it is found that in approximately 2-3 weeks the mucosal 
appearance has returned to normal. Similarly, in dogs subjected to 
gastroenterostomy (Harvey), in six months the region of the 
anastomosis again shows normal gastric tubules. 
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Gastritis with moderate to severe atrophy 

Here the full length of the tubule may become lined by mucus- 
secreting cells, forming a pseudopyloric gland. More often the base 
still shows both chief and parietal cells. There is always a histamine- 
fast achlorhydria with low pepsin secretion in patients whose biopsy 
shows these changes. The active proliferation of the foveolar cells 
produces tortuosity in the pits, so that they are often seen in transverse 
section. The surface epithelium is flattened but occasionally shows 
small bud-like syncytial masses. Neutrophil polymorphs are numerous 
close to the surface and around the pits. They can be seen surrounded 
by a small clear space in various stages of migration through the 
limiting epithelium (fig. 7). Plasma cells are plentiful and in approxi¬ 
mately one-half of the specimens lymphocytes are aggregated into 
follicles near the base of the mucosa. In two specimens, adipose 
tissue is present, having probably developed by involution of these 
follicles (figs. 8 and 9). The muscularis mucosse is thickened and its 
component muscle strands are separated and projected between the 
glandular elements to a varying extent. No specimen shows the gross 
hyperplasia of surface epithelium and pits described by Schindler 
(1947) and termed by him hypertrophic proliferative gastritis. The 
depth of mucosa was reduced to two-thirds to three-quarters of normal. 
Small patches of intestinal epithelium are present in about one-half 
of the cases showing severe mucosal atrophy. Intestinal epithelium 
is recognised by the presence of a striated border and of goblet and 
Paneth cells (fig. 12) at the base of the new tubules, while argentaffin 
cells are much more numerous than normal. Thus the altered 
conditions in the inflamed mucosa cause the foveolar cells to develop 
along lines which are abnormal for the stomach but normal for the 
small intestine. The end-result is the development of tubules indis¬ 
tinguishable from crypts of Lieberkuhn. This metaplasia is patchy, 
and abrupt changes from gastric to intestinal type can be seen in a 
single high-power field (fig. 10). 


The mucosa in pernicious anaemia 

In the specimens obtained from these cases, thinning of the mucosa 
is invariable and often of extreme degree. In 30 per cent, it was 
reduced to one-half its normal depth. Chief and parietal cells are 
absent in 90 per cent, of samples, the tubules being lined by mucus- 
secreting neck cells or intestinal-type epithelium (fig. 11). Histamine- 
fast achlorhydria and insignificant peptic activity are obviously tho 
results of these changes. 

In pernicious ansemia it is rare to find any evidence of gastritis 
(fig. 11). A few lymphocytes and plasma cells are present in 50 P cr 
cent, of specimens, but only one case shows polymorphonuclear 
neutrophil leucocytes. The surface epithelium in pernicious anaemia 



Plate LXI 


J PITH E\CT —Aol L\Iir 

Gastritis ald gastric atrothy 



Fig (i —Superficial gastritis showing numerous wandering cells in the superficial 
/one of the lamina propria lengthening of the pits nnd a change of the two 
central tubules to mucm secretion ns the lining chief cells now <5tnin darkly with 
mucicormme H'ematoxvlin nnd mucicnrmme x 140 



Fig 7 —Gastritis with moderate atrophy View of the surface epithelium to show 
polymorphs, each surrounded by a clear space, migrating through the surface 
epithelium There is cedcma of the \illus near its tip Hccmatoxjhn and eostn 
X400 














10 10—Gastntis with severe tubular atroplij, Fin 12—Gastric atrophy m pernicious 
showing the normal columnar cell gastric mrcmin, showing Puneth colls filled 

type surtaxe epithelium thnnging over to with tinrlJy staining granules situated 

mtestiml epithelium with goblet colls und it the bases of the intestinal typo 

a striated border Hematoxylin and cosin tubules Trichrome X420. 

X400. 



Fxa II —Gastric atrophy in pernicious ansemta Thcro is complete tubular atrophy 
and replacement by tho intestinal type of glandular tubules The lamina propria 
is almost free of wandering cells Hfematoxjlm and mucicarraine x 140 
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never shows the denudation with actively regenerating flattened 
epithelium which is so commonly seen in gastritis. Where gastrio- 
type epithelium does persist, it is always of high columnar type and 
stains intensely with mucin stains. 

Discussion 

The mucosal changes in gastritis and the mucosal atrophy of 
pernicious anaemia are probably diffuse over the whole extent of the 
body mucosa. In support of this assumption there was close correlation 
between the atrophy of chief and parietal cells observed in a given 
biopsy sample and the functional defect as observed in the histamine 
test meal (Wood et al., 19496). In addition the histological appearances 
of specimens from different sites are very similar. Therefore the small 
biopsy piece can reasonably be regarded as representative of the 
general state of the body mucosa. 

Apart from alcohol, no known setiological factor in the production 
of the gastritis was observed. A history of an immediately preceding 
alcoholic bout was obtained in three cases whose mucosa showed a 
superficial gastritis. On withdrawal of the alcohol healing was rapid. 
Biopsy was also performed upon twenty cases of chronic alcoholism 
with associated malnutrition. These patients all had enlarged fatty 
livers, which in some cases had progressed to portal cirrhosis. Several 
of them also showed peripheral neuritis. The biopsy specimens were 
obtained after two to three weeks’ stay in hospital. In nineteen of 
these cases the gastric mucosa was normal or showed only minor 
deviations from normal. This finding is contrary to Baber’s suggestion 
that minor grades of recurring damage to the gastric mucosa, as 
observed in those chronically addicted to alcohol, result in chronic 
atrophic gastritis. Nor would malnutrition appear to be an aetiological 
factor. 

In two cases showing superficial gastritis, biopsy repeated a year 
later showed the same degree of change. There is thus no evidence 
of an inevitable progression of a superficial gastritis to a more atrophic 
gastritis. Bather the lesion is static, a particular degree of damage 
being produced by the unknown exciting agent. 

The atrophy and intestinal metaplasia observed in the more severe 
gastritis could possibly be induced by the altered local conditions 
associated therewith. In pernicious anaemia these metaplastic changes 
are present to an advanced degree but there is no gastritis. Therefore 
one might postulate a general cause for the altered differentiation of 
the products of foveolar-cell multiplication in pernicious anseinia. 
The return to normal of the megaloblastic bone marrow with adequate 
fiver therapy is not paralleled by a return of the gastric mucosft to 
normal. One-half of the cases investigated had received treatment 
for several years and yet showed no sign of a return of the mu(;osa 
to the gastric pattern. Some observers, on the basis of gastroscopic 
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observations unsupported by histological examination, have claimed 
that true gastric regeneration occurs (Jones et al., 1935). 


SUMMARY 

1. The morphology of the mucosa of the body of the stomach in 
150 patients suffering from a variety of dyspeptic symptoms and in 
whom an opaque meal showed no gross abnormality is described. 

2. Changes, when present, could be grouped into two broad 
categories:—(a) superficial gastritis without atrophy of tubular 
epithelium, and (6) more deeply extending gastritis with atrophy of 
tubular epithelium. 

3. Mucosa from patients with superficial gastritis due to excess of 
alcohol returned to normal after withdrawal of the alcohol. 

4. In 43 cases of pernicious anmmia, complete or almost complete 
tubular atrophy combined with prominent intestinal metaplasia and 
absence of wandering-cell infiltration made up a pattern which is 
distinctive for this disease. 

5. Adequate liver-extract therapy failed to alter these mucosal 
appearances. 

I wish to express my gratitude to Dr Ian Wood, head of the Clinical Research 
Unit, and to Dr R. K. Doig, who secured the biopsy specimens. I also wish to 
thank Professor E. S. J. King for valued advice and criticism. The photo¬ 
micrographs were prepared by Mr H. Mathhaei of the University of Melbourne. 


REFERENCES 


Bensley, R. R, 


Faber, K. 

Florey, H., Carleton, H. M., 
and Wells, A. Q. 

Gunter, G. S. 

Harvey, B. C. H. 

Jokes, C. M., Benedict, E. B., 
and Hampton, A. O. 

Magntjs, H. A. 

Schindler, R. 

Wood, I. J., Doig, R. K-, 

Motteram, R., and Hughes, A. 
Wood, I. J., Doig, R. K-, 

Motteram, R., Weiden, S., 
and Moore, A. 


1928, The gastric glands in Special 
cytology, ed. by E. V. Cowdry, 
New York, vol. i, p. 137. 

1935. Gastritis and its consequences, 
London, p. 21. 

1932. Brit. J. Exp. Path., xiii, 269. 

1950. Gastroenterology, xv, 708. 

1906-07. Miner. J. Anal., vi, 207. 

1935. Amer. J. Med. Sci., cxc, 596. 

1946. This Journal, lviii, 431. 

1947. Gastritis, London and New York, 

p. 49. 

1949a. Lancet, i, 18. 

19496. Gastroenterology, xii, 949. 







616 . 155 . 191—007 . 1 : 616 — 053.7 

ERYTHRiEMIC MYELOSIS IN A GIRL 
AGED 13 YEARS 

John L. Emery 

From the Department of Pathology, Sheffield 
Children's Hospital 

(Plates LXXV and LXV) 

Neoplastic change in the primitive red cells of the blood analogous 
to that of myeloid leukaemia is one to be expected, but such cases are 
extremely rare and very few of those described withstand critical 
examination. Quattrin (1940) accepted eight cases and Moescklin 
(1947) considered that 12 cases, including one only in English literature 
(Israels, 1939), could be substantiated up to 1946. 

The patient described below had abnormal nucleated red cells 
in her peripheral blood, up to a maximum of 650,000 per c.mm., for 
approximately two years. The course of her fatal illness resembled 
very closely that of the more common leukaemias. 

Case report 

Clinical history 

Sylvia was bom on 28 2 34, and apart from measles and pertussis had no 
illness in childhood. She was of purely English stock; her parents and two 
siblings are well and give normal blood counts. The only case of hasmic disease 
among her relations was that of her mother’s sister, who died at the age of 26 
with what was reported as pernicious anseimo. 

Sylvia was first seen by us on 31.6 47, when she was 13 years old. She 
had been well until six weeks before admission, when she had become easily 
tired and her mother noticed that she was becoming progressively paler. fler 
gums later commenced bleeding when she cleaned her teeth. 

No remarkable symptoms occurred until she was admitted to Worksop 
Hospital following a severe epistaxis, when an immediate blood transfusion 
was considered necessary. This transfusion did not completely stop the bleeding 
and she required a second transfusion five days later. Following the second 
transfusion she was transferred to the Children's Hospital, Sheffield. 

On admission, 31.6.47, her general condition was good (weight 6 st. 4| ffi., 
height 5 ft. 1 in.) and the only abnormal physical sign found was a palpable 
spleen. 

Blood count. Hb. 8 8 g./lOO c c. R B C. 3*2 m /c mm.; W.B.C. 2800 per 
c.mm-—neutrophils 1350, eosinophils 60, lymphocytes 1170, monocytes 60. 
Unidentified cells 180. Erythroblasts 1900 per c mm. 

Sternal marrow. This showed a depression of the myeloid senes and a relative 
increase in erythroblasts (table). 
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. ^neral investigations. Icteric index 9. Serum bilirubin 1-5 mg./WO cc 
Hi j man’s van den Bergh reaction produced a faint pink colour in 30 minutes' 
No occult blood detected in faeces. Urine normal. Coomb’s test-direct and 

Table 

Three sample blood and sternal marrow counts, one in the early stages of the disease, 
the others 11 and 141 months later, illustrating that the effect of a blood trans¬ 
fusion in lowering the peripheral erythrablasl count was not reflected in a change 
in the marrow cytology 


Peripheral Blood 
Hiemoglobin (g. per 100 c.e.) 
R.B.C. (m./c.nun.) . 

Nucleated cell count (per c.mm.) 
Leucocytes (per c.mm.) 

Marrow- 

Neutrophil polymorphs 
“ Stab ” cells .... 
Eosinophil polymorphs 
Metamyelocytes 

Myelocytes .... 
Pre-myelocytes 

Myeloblasts .... 
Lymphocytes .... 
Plasmocytes .... 
Monocytes .... 
Hcemocytoblasts 
Pro-ery throblasts 
Basophilic “normoblasts ” 
Polychromatic “ normoblasts ” . 
Orthochromic “ normoblasts ” . 
Karyorrhectic normoblasts 
Mitotic cells .... 
Megakaryocytes 


2.0.47 

2.5.48 

13.8.4S (After a 
tran?fusfon) 

8-8 

5-5 

5-0 

3-2 

1-9 

2-4 

4500 

550,000 

75,000 

1700 

3000 

0 

8 

0-75 

ft-8 

. 0 

0-18 

0 

0 

0-75 

0 

7 

0-94 

0-4 

7 

0-75 

0-8 

1 

1-5 

0-0 

>0-2 

0-18 • 

>0-2 

4 

1-32 

2-6 

1 

0-37 

>0-01 

>0-2 

M3 

>0-01 

1 

1-77 

0-4 

7 

1-88 

2-4 

22 

7-0 

5-0 

15 

28-1 

31-0 

25 

38-1 

28-9 

0 

14-7 

25-G | 

>0-2 

M3 

0-2 

>0-2 

0 

0-4 


indirect—negative. Donath-Landsteiner and acid serum tests (Ham and Honwk) 
negative. Schumm’s test negative. Bed cell fragility in saline normal. Reticulo¬ 
cyte count 2 per cent, (a very large number of nucleated red cells also contain™ 
reticulin). Bleeding and clotting times normal. . 

After transfusion of 14 pints of whole blood, her general condition appear 
excellent, her peripheral blood containing ffb. 9-5 g./lOO c.e. and R- • 
3-3 zn./c.mm., and she was discharged on 8.7.47. . 

Readmitted 23.7.47. Hb. 6-8 g./lOO c.c. B.B.C. 2-4 m./c.mm., peripheral 
erythroblasts 2500 per c.mm. Two pints of whole blood were given. ^ 

Effects of folic acid. As an outpatient she was given folic acid in largo 
and weekly marrow punctures were performed. No alteration was f° un 
the marrow as a result of this medication, nor was there any apparent c 
on tho development of the anaemia. .. 

Readmitted 1.9.47 to 3.9.47, when she received two pints of packed cc ^ 
Readmitted 15.10.47, with severe bruising and epistaxis, her 6°" . 

condition, however, being fairly good. At this time she required 
transfusions and her spleen was observed to be larger than previous!}. 

Blood count. Hb. 5-2 g./lOO c.c. B.B.C. 1-8 m./c.mm.,' W.B.C. d-u p- 
c.mm.—neutrophils 1050, metamyelocytes 150, lymphocytes 2000, 
less than 50 ; erythroblasts 6300 per c.mm,, consisting of prinntn c c 






Plate LXTV 


J IATU «ACr— \ot LXIII 


ErYTIIR EUIC MYELOSIS IN A lOtTVG GIRL 



Fig 1 —Section of spleen shoeing well defined sinusoids with abnormal 
endothelium and erytliroblasts in the lumen Hromatox> hn and eosin X440 



Fig 2 —Film of peripheral blood The transfused ery throe j tes are easily distinguished 
from the patient s cells and n largo number of erjthroblasts are present Giemsa 
XCOO 
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karyorrhectic cells 1000, early erythroblasts 360, polychromatic cells 2360, 
orthochromatic erythroblasts 2530. 

Other investigations. Total serum proteins 7*9 g./lOO c.c. (serum albiunin 
6*0 g., serum globulin 1*9 g.). Schumm’s test negative. Fas cal bilirubin. 490 mg. 
in 24 hours. W.R. negative. The blood was retested for hsemolysins and 
agglutinins with negative results. Slight rouleau formation occurred at 4° C. 
Gastric test-meal normal. Saline red-cell fragility normal. An attempt was 
made to estimate the survival times of the transfused erythrocytes, but owing 
to excessive rouleau formation no reliable results could be obtained. 

The spleen had been enlarging during the course of the disease and was the 
only abnormal clinical physical finding. Since no other form of treatment had 
affected the course of her illness it was decided to remove her spleen. 

Splenectomy performed, 21.11.47. The spleen was grossly enlarged, weighing 
240 g. (normal weight for this age 90-110 g.), the surface being slightly granular. 



Fig. 3.—Chart showing the effect upon the erythrocyte and erythroblast 
count of transfusion with plasma and with red blood cells. 


with many small vascular adhesions. A small spleniculus was also removed 
(fig. 1). The liver appeared enlarged but otherwise normal. The gall bladder 
and pancreas appeared normal and no enlarged glands could be found in the 
mesentery. 

She made a good immediate recovery from the splenectomy, but a week 
later she showed signs of pleural effusion and developed an empyema which 
resolved without open drainage. She was discharged on 16.12.47. 

Readmitted 26.1.48. 

Blood count (Gg. 2). Eb. 7*5 g.flOO c.c. Peripheral erythroblasts 350,000 
per c.mm. ; leucocytes 6000—neutrophils 3300, lymphocytes 2640 ; platelets 
60,000 per c.mm. 

The effect of transfusing plasma and blood cells. Following blood transfusion, 
the number of erythroblasts in the peripheral blood diminished very swiftly, 
but no coincident change could be found in the bone marrow (table, p. 396). 
This fall in peripheral erythroblasts could have been due to the presence of 
some maturation factor in the transfused blood. In order to exclude to some 
extent this possibility, the patient was given fresh plasma before one transfusion, 
the volume of plasma being equivalent to that of the blood cells to be given later. 
The plasma produced no change in the circulating cells in any way comparable 
to that of the packed cells given later (fig. 3). 
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Lymph nodes. There is no disorganisation of architecture. The 
nodes, and in particular the germinal centres, which at a casual glance 
appear to be absent, are almost acellular. This greatly reduced 
ccllularity affects all the lymphoid tissue of the body, including the 
Peyer’s patches and the thymus. The sinusoids and pulp of tho 
lymph nodes contain pale-staining cells and erythroblasts but not in 
greater numbers than are present in sections of blood clot. Unlike 
the other organs, none of the lymph glands shows erythroblastic 
infiltration. 

Lung. Many alveoli are filled with erythroblasts, and there is 
erythroblastic infiltration around some of the bronchioles. 

Liver contains much iron pigment and there is diffuse infiltration 
of the portal tracts with erythroblasts. 

Pancreas, kidney, diaphragm, skin, intestinal mucosa and adrenals 
all contain areas of erythroblastic infiltration (fig. 6). 

Left axillary region and related muscles. These show destruction of 
tissue and large masses of bacteria, but with no recognisable inflam¬ 
matory reaction. 

Brain, thyroid, pituitary show no significant abnormality. 

Discussion 

The literature of erythraemic myelosis has been reviewed by 
Moeschlin (1940), di Guglielmo (1946), Mallarme and Moulonguct 
(1947) and Leitner (1949, pp. 166-173). The diagnostic criteria put 
forward by di Guglielmo and accepted by Britton and Neumark 
(Leitner, 1949) for the acute form of the disease are as follows 
(1) Severe ansemia from the start of the illness. (2) Irregular and 
usually remitting fever. (3) Splenomegaly. (4) Slight hepatomegaly. 

(5) An acute course of one to two months and invariably fatal. 

(6) Haemic erythroblasts, with many atypical and immature forms. 

(7) Hyperplasia of the erythron with maturation arrest. (8) Pro¬ 
liferation of the reticulo-endotheb'al system. 

Each of these points may be considered in turn in relation to t ic 
present case. _ 

1. Our patient was admitted to hospital requiring an immedia e 
blood transfusion. There was a history of progressive pallor or 
six weeks. 

2. The temperature was very variable. For a few weeks fo ow ¬ 
ing a transfusion it would remain normal, but as her trans use 
cells disappeared and she became more anaemic, pyrexia ou 3 
occurred especially in the later stages of her illness, when there was 
an increasing tendency to sepsis. While in hospital she had occasions 

rigors. r . 

3. Splenomegaly was present from the time that she was 

examined. 

4. The liver became enlarged later. r ,• j 

5. Without transfusions the patient would probably a ' G 
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within two months of the onset of symptoms. Life was maintained 
hy means of blood transfusions for two years. Examination of blood 
films suggested that virtually all of the non-nucleated cells in the 
circulating blood were the transfused red cells. The few large non- 
nuoleated cells seen in the films were numerically no greater than the 
free nuclei (fig. 2). 

G. Up to 630,000 erythroblasts per cm were present on occasion 
in the peripheral blood. This is a greater number than any hitherto 
reported in cases of this kind, the highest being 258,000 per cm. 
(Lattes, 1932). The cells were larger than those of the megaloblastic 
anaemias, the average diameter being 11 p. (fig. 4). They were mono¬ 
nuclear and did not resemble the giant erythroblasts described in 
leukemia as cells measuring more than 18 p. These cells, described by 
Schwarz (1946), are taken to be cells in which the final Btage of mitosis 
is defective. Most of the cells in the present case contained only one 
nucleus, although multinucleated cells were seen by Dr Lajtha in the 
peripheral blood culture. Maturation arrest was seen in the cultures, 
and would appear to be an inherent property of the cells and not due 
to any extracellular deficiency factor. 

As the autopsy followed a prolonged state of sepsis and inanition 
and was not done until 60 hours after death, the cytology exhibited 
in the spleen biopsy probably represents the reticulo-endothelial 
system most characteristically (fig. 1). The cells lining the Binusoids 
of tho spleen ate large but do not appear to be proliferating or to be 
ingesting cells. These cells are abnormal, but it does not seem possible 
from their appearanco to tell into which of the elements of the blood 
they were progressing. A similar difficulty arises in relation to many 
of the primitive cells found in the marrow smears and illustrated in 
fig. 6. Transitional forms from these cells to tho hsemoglobinised cells 
were present. They do not appear to be either myeloblasts or normal 
reticuloendothelial cells. They are probably abnormal reticulo¬ 
endothelial cells corresponding to the cells in the sinuses of the spleen 
and an attempt to label them further would not seem to be helpful. 
Nowhere in the autopsy tissues did the lymph nodes show structural 
derangement. Infiltration by the abnormal blood-cells was present 
in the liver, pancreas and kidneys, and the bone marrow from the 
various sites examined showed uniform neoplastic changes. 

The leucocytes of the blood were reduced in number throughout 
the whole course of the disease, but primitive forms were in approxi¬ 
mately the normal ratio. The platelets were decreased in association 
with the haunorrhagic crises. The predominant cells appeared to be 
more mature than those in the other two cases reported in this 
country, those of Israels (1939) and Neumark (Leitner, 1949, 
p. 167). The marrow count resembled that of the case described by 
Nabholz (1942). 

To which type of erythrEemic myelosis is this case to be assigned ? 
If the child had died at the tune of the first emergency transfusion, 
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a consistent leuco-erythroblastic picture. The polymorphonuclear 
count showed no shift to the right. There was marked thrombo¬ 
cytopenia throughout. Except on the last two occasions there was 
no macrocytosis, and the normal mean corpuscular haemoglobin 

Table I 


Hcematological findings 



10.1.50 

20.1.50 

23.1.50 

20.1.50 

30.1.50 

Haemoglobin (g./lOO ml.) . 

7-8 


7-5 

6-7 

6-0 

7-8 

Red colls (M/c.mm.) 

2-73 

2-56 

2-44 


1-92 


1-90 

Ha-matocrit (per cent.) 

24-1 

23-3 

20-8 

19-0 

23-6 

Mean corpuscular Hb. (yy) 


29 


29 


28 


31 


41 

Mean corpuscular volumo (c.p.) . 


88 


91 


85 


99 

124 

Mean corpuscular haemoglobin 

32-4 

32-2 

32-2 

31-6 

330 

concentration 











Reticulocytes (per cent.) . 


3 

2-6 

1-9 


1-2 

30 

Leucocytes (per c.mm.) 

3600 

4100 

3600 

2700 

4700 


Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Per 

cent. 

Total 

Neutrophils— 











Juvenile .... 

3 

110 

4-5 

180 

2-6 

90 

5 

140 

2 

Stab ..... 

31 

1120 

33 

1350 

33 

1190 

38 

1030 

45 


Segmented .... 

14 

500 

8 

330 

10 

360 

19 

510 

13 


Eosinophils .... 

1-5 

60 

0-5 

20 

0 

0 

0 

0 

0 

0 

Basophils .... 

0-5 

20 

1 

40 

0-5 

20 

0-5 

10 

0 

0 

Lymphocytes 

34 

1220 

32 

1310 

35 

1260 

18 

490 

24 

1130 

Monocytes .... 

1-5 

50 

0-6 

20 

2 

70 

0 

0 

1 

50 

Metamyelocytes 

2 

70 

5 

210 

3 

110 

4 

110 

5 

240 

Myelocytes .... 

6 

220 

6 

250 

5 

180 

6 

160 

4 

190 

Promyelocytes 

4 

140 

7 

290 

7 

250 

8 

220 

3-5 

160 

Myeloblasts .... 

2-6 

90 

2-5 

100 

2 

70 

1-5 

' 40 

2-5 

120 

Normoblasts— 











Late ..... 


500 


570 


540 


220 

1410 | 

Intermediate 


100 


60 


90 


10 


380 

Early ..... 


0 


0 


20 


0 


0 

Platelets .... 

30,000 

35,000 

2000 

2000 

4000 


concentration excluded iron deficiency. The diagnoses first considered 
were secondary carcinomatosis of the marrow with a hidden primary 
and aleuksemic myeloid leukaemia. Neither of these possibilities could 
be substantiated either during life or at autopsy. 

Table II displays the differential count, made on 1000 cells, of a 
sternal-marrow specimen aspirated in the usual manner with a Salah 
needle from the manubrium stemi on 20th January 1950. The smears 
were made direct and without the use of any anticoagulant. The 
marrow was highly cellular and the erythropoietic series predominated. 
The most remarkable feature was the presence of some 25 per cent, 
of erytliroblasts with from 10 to 100 nuclear fragments, usually 
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Plate LXVI 


Abnormal erythroblastic karyokixesis 





no 1.—\ group of crythroblnsts Fio. 2 —Numerous chromosome 

with scattered chromosomes or particles in an erythroblast 

chromosome fragments. 

' *&> 

- * i 

Fig. 3 —Several mitotic abnormnli 
tie3 in o group of erj throblasts 




Fig 5 —One of the “ unidentified Fig. G —An early giant erythroblast 
cells” of this marrow, show mg the with unequal nuclei 

largo azurophil cytoplasmic bodies 

Figs. 1.6.—-From the unusual marrow reported m this paper. 



Fig 4 —A large primitn o “ blast 
cell w ith sovcral nucleoli 
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Plate LXVII 


Abnormal erythroblastic karyokinesis 



Fio —Unequal daughter erythroblasts Fia 8 —Four unequal nuclei m a ginnt cry 

resuUing from an asymmetrical mitosis throblast resulting from asymmetrical 

multipolar mitosis without cytokinesis 



Fig 0—Two unequal nuclei Fig 10—Erythroblast in ana Fig 11—A similar crythro 

in n late ery throblast phase with se\eral chromo blast with 2 reconstituted 

somal mnssos detached from nuclei and se\eral ncees 

the spindle Rory nuclear masses 



Fig 12—Two eiythroblasts the lower Fig 13—A late erythroblast with 

showing rosette formation the nucleus show mg rosette appearance 

upper accessory nuclear material 


Figs 7 13 —From an acti\o erythropoietic marrow in a case of 
nutritional macrocytic an-emia of pregnancy 
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round or oval, but occasionally elongated and resembling chromosomes 
(figs, 2 and 3). The fragments were Teulgen-positive. There were 
2-2 per cent, binucleated erythroblasts, and occasional giant normo¬ 
blasts with a diameter of 15-25 p but no multipolar mitoses were 


Table II 

Stemabmamw count, 20th January 1950 


Neutrophil 

Eosinophil 

0*7 

0 1 

2 7 

0 5 

5 5 

0 4 



Late 

Inter¬ 

mediate 

_ 

Early 

Normoblasts 

Bmucleated 

normoblasts 



13 1 

1 1 

Fro erythroblasts 
Normoblasts 
•with nuclear 
fragmentation and 
scatter 

2 8 

25 7 

Normal mitotic figures, 4 2 

Mjeloid oiythroid ratio, 1:33 

Total cell count, 160,000/c mm. 
Megakaryocytes <1 per 10,000 nucleated 
cells 


Polymorphs 
Metamyelocytes . 
Myelocytes 


Promyelocytes 
“ Blast" cells 
Reticulum cells . 
Unidentified cells 


Monocytes 
Lymphocytes 
Plasma cells 


1-7 

1 9 

2 7 
0 8 


0 1 
6 0 
0 2 


All figures are percentages unless othorenso stated. 


observed. Tho primitive “ blast ” colls included in the count were 
large—20-30 ji in diameter—with nucleus 15-25 jz containing 3 or 4 
pale lilac nucleoli. Tho nuclear chromatin was very finely stippled 
or in the form of a fino network of interlacing strands. The cytoplasm 
was moderately basophilic and sometimes showed differentiation into 
spongioplasm and hyaloplasm, and occasionally pseudopodia were 
formed. The unidentified cells had a rather similar nuclear structure, 
but more cytoplasm, in which large azurophil rods or granules were 
present. 

All these unusual types of cell are illustrated in figs. 1-6. 


Post-mortem examination 

This revealed bilateral bronchopneumonia and numerous small 
subdural and subarachnoid hemorrhages. The cardiovascular, uro¬ 
genital, alimentary and endocrine systems showed no gross abnormality 
and no evidence of neoplasm was found at any site. The spleen was 
slightly enlarged (282 g.), with a soft purplish cut surface. It contained 
several firm, well-defined, dark red hemorrhagic infarcts beneath the 
capsule, and areas of extramedullary haemopoiesis outside the capsule. 
Tho liver showed maeroscopically a mottled cut surface, and microscopy 
revealed large-droplet fatty change in the centres of the lobules and 
excessive brown-atrophy pigmentation. 
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Deep red, jelly-like, soft marrow extended throughout the shaft 
of the femur, into the head and to within 4 cm. of the distal end. 
Similar red marrow was present in sternum and vertebra. Micro¬ 
scopical examination of the marrow showed rich cellularity, with 
increase especially of nucleated red cells. Many of these, particularly 
the late normoblasts, showed the same fragmentation of nuclei as 
had been observed in the marrow smears made during life. 


Discussion 

Disturbances of mitosis in human erytkropoiesis, with cellular 
gigantism, multinucleated erythroblasts and multipolar mitotic 
figures, have been described in both megaloblastic and normoblastic 
marrows. Limarzi and Levinson (1943) recorded a case of “giant 
erjdhroblastosis ” in which a non-megaloblastie marrow showed 
primitive giant erythroblasts, multipolar mitoses and complicated 
amitotic division of the nucleus. Schleicher (1944) described two 
cases with similar atypical erythroblasts, which he believed to be 
produced by defunct reticulum. 

Schwarz (1946) reviewed the subject of cellular gigantism and 
pluripolar mitosis, and described the disturbances that may occur in 
karyoldnesis of the erythroblast. Apart from gigantism and multipolar 
division, these may be grouped under three heads. 

(a) Asymmetrical mitosis, usually only marked in multipolar 
mitosis, producing unequal daughter cells or, if cytokinesis 
does not occur, unequal nuclei. A modification of this 
process is seen when a few aberrant chromosomes become 
transformed into one or more small accessory nuclear masses, 
present in one of the daughter cells. 

(6) Rosette formation, with bridges between chromatin masses, 
produced by a halt in metaphase with groups of fused 
chromosomes linked probably by interzonal spindle fibres. 

(c) Interruption of karyokinetic movement, with agglomeration, 
scatter, or disintegration of the separated chromosomes. 
Such an interruption may produce a cell filled with scattered 
chromosomes or chromosome fragments. 

The first two of these three mechanisms can be seen very commonly 
in pathological marrows, particularly where there is active normoblastic 
or megaloblastic hyperplasia. They are illustrated by figs. 7-13, 
taken from smears of sternal marrow from a case of nutritional 
macrocytic antemia of pregnancy. 

The type of interrupted mitosis resulting in breaking and scattering 
of chromosomes is, however, much less common. The involvement 
of over 30 per cent, of the nucleated red cells of the marrow in such a 
process of karyokinetic interruption and chromosomal fragmentation 
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must, therefore, be considered an extreme rarity. We have never 
before seen anything approaching this picture. 

The exact mechanism of production of the scatter and fragmentation 
which presumably involves a breakdown in polar forces, is not known. 


Summary 

An old woman with a leuco-erythroblastio antemia of unknown 
retiology had an extreme normoblastic hyperplasia of tho marrow. 
Over 30 per cent, of the nucleated red cells of the marrow showed 
fragmentation and scattering of tho chromosomes. 

Tiiis very rare abnormality is compared with other more common 
disturbances of erythroblastic karyokinesis. 

We gratefully acknowledge the advice and encouragemont of Sir Lionel 
Whitby and the assistance of Mr B. W. Gumer in preparing the photomicro¬ 
graphs. One of the authors (F. G. I. Hayhoo) is the holder of an Elmore 
Research Studentship. 
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616 . 24—002 . 185 : 582 . 282 . 123 (Aspergillus fmnigalus) 

A CASE OF PULMONARY ASPERGILLOSIS 


C. F. Ross 

Ashford Hospital, Ashford, Middlesex 

(Plates LXVHI and LXIX) 

Although there is an extensive literature on pulmonary aspergillosis 
in animals, mainly in birds, this disease remains an uncommon one 
in the human subjoct. It has not often been reported in this country, 
though two proved cases in coal-miners have recently been described 
by Heppleston and Gloyne (1949) and a probable case by Delikat 
(1945). The literature, however, does not give a true idea of the 
incidence of the disease, because many cases are never reported. 
Duncan (personal communication) states that he examined material 
from sixteen proved cases in the years 1946-1949 and only two of 
these were published. It would appear, therefore, that the disease 
is commoner and more important than has been supposed. 

John Hughes Bennett (1844) was tho first to recognise parasitic fungi growing 
in living animals when he described, in 1842, in addition to those occurring 
in lower animals, certain fungi growing in tuberculous cavities in man. Virchow 
(1856) coined the term ‘'mycosis” for fungous infection and described the 
first cases of human pulmonary aspergillosis, though ho was of tho opinion that 
a ca8e reported some years earlier by Sluyter (1847) as being one of Mucor 
infection was really due to Aspergillus. The literature on tho subject increased 
greatly during the latter half of the nineteenth century and culminated in the 
classical monograph of R6non (1897), who studied aspergillosis in all its aspects 
and gave a complete bibliography up to 1896. One of tho early cases reported 
in this country was that of Boyce (1892-93). 

Mycology 

The cause of pulmonary aspergillosis is Aspergillus fumigatus 
(Freseniua), a fungus of the genus Aspergillus Micheli, 1729. Although 
it is included in the class Ascomyeetes, perithecia and ascospores 
have never been found with certainty in this fungus, and for that 
reason some authors have classified it in the group of Fungi imperfecti. 
Interested readers are referred to Thom and Church (1926), Thom and 
Raper (1945, p. 148), Wolf and Wolf (1947) and Lutz (1948) for further 
details. 

Aspergilli are inhabitants of soil, especially when it contains an 
appreciable amount of organic material such as decaying vegetable 
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matter (Thom and Raper, 1945, p. 150). They play a big part in 
decomposition processes and grow successfully at temperatures up to 
49° C., when most other fungi are inactive, paving the way for bacterial 
action. The spores, which are very resistant, can be found in dust, 
dry leaves, chaff (Chortis, 1949), tea-dust (Castellani, quoted by 
Gohar, 1948) and imperfectly dried grain, especially rye. The fungi 
are able to withstand a temperature of —12° C. and are notorious 
laboratory contaminants. 

Aspergillus fumigalus, which was first adequately described by 
Fresenius (1850), consists of a mycelium of hyphas 2-3 g in diameter. 

Here and there the cells become somewhat 
enlarged (5 g diameter) to form foot cells 
which have thicker walls and give rise to 
long smooth-walled conidiophores 200-300 g 
in length and 2-8 g in diameter. These end 
in club-shaped expansions called vesicles, 
20-30 g in diameter, which bear over the 
distal half a single series of many crowded 
bottle-shaped phialides (sterigmata) 5-10 g 
long and 2-4 g at their maximum diameter 
(%■ 1 ). 

The fungus grows well on all the 
ordinary media, but Raulin’s fluid (Raulin, 
1869) or one of its many modifications is 
advised by several authors (Sartory and 
Bailly, 1923; Jacobson, 1932, p. 270). 
Renon (p. 235) suggested the use of sputum- 
culture in slide cells as follows : sputum is 
spread on a microscope slide and covered 
with Raulin’s fluid; another slide is placed 
Fio. l.—Diagrammatic sketch on top, the edges are sealed with vaseline, 
of A. fumigatus showing (i) an d the whole incubated at 37° C., the 
hyphnl coll, (2) foot coll, 0 p£j mnm temperature for this fungus. The 

(5) phiaiido (sterigma), (0) synthetic medium inhibits the common 
conidia (spores). bacteria and after a few passages the fungus 

can be obtained in pure culture. The 
appearances do not vary very much on different media, though the 
colour is said to be brownish on alkaline media (Sartory and Bailly), 
while on acid media it is greenish. After 24 hours a tufted aerial 
mycelium is produced wliich may be velvety or floccose. Since the 
vegetative mycelium is white, the colour of the colony is also white 
until the conidia are developed, wliich may be for 24 hours, or, in 
some strains, 2-3 days. The subsequent colour changes depend on the 
composition and reaction of the medium. On media of relatively- 
low pH, high carbon and low nitrogen content the mycelial bed is 
white, thin and papyraceous while the aerial growth is short, thin 
and of a bluish-green colour, changing with age and the rising pH 
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to grey or greyish-brown. On media rich in nitrogen, such as peptone- 
agar, and low in carbon, the colour of the colony is less bluish and 
more definitely green, often olive green, and in this case the colour 
change to brownish comes earlier and the ultimate colour may be 
deep brown or even blackish-brown (Duncan, personal communication). 
Densely crowded conidiophores are found with the characteristics 
previously described. 

A. fumigatus produces the powerful but highly toxic antibiotics 
“ fumigatin ” and “ fumigacin ”, which are active against Gram¬ 
positive bacteria. In this connection it is interesting to note that 
nearly forty years ago it was reported that filtrates of cultures of the 
fungus attenuated human tubercle bacilli (Vaudremer, 1913). This 
has been verified recently by Soltys (1944) and a partially purified 
substance active against tubercle bacilli in high dilution was recovered 
from filtrates by Asheshov and Strelitz (1945). They thought this was 
probably fumigacin. 

Pathology 

The following short account is based on the descriptions of Kenon 
(1897, pp. 239-264 and 2G1-267), Macaigne and Nicaud (1926), Schneider 
(1930), Jacobson (1932, p. 274) and Chortis (1949). 

Pulmonary aspergillosis occurs either as a primary disease or, 
more commonly, in association with other lung lesions (i.e. secondary). 

Primary infection. Infection occurs via the bronchi and bronchioles, 
throughout which the fungus ramifies. Penetration of the tissues 
takes place and areas of necrosis result, with formation of abscesses 
and cavities, or consolidation of the lung. The process may spread 
slowly throughout the lung, but is more usually confined to one or 
other upper lobe, often towards the apex. Sometimes the condition 
is arrested, with fibrosis and calcification as the end result. When 
fibrosis is extensive, the patient may develop “ cor pulmonale ” and 
die from heart failure. Invasion of blood-vessel walls is common 
and thrombi may be formed which contain mycelium, i.e. there is a 
thrombosing pulmonary arteritis and phlebitis. Atheroma of the 
pulmonary arterial tree is often found, even while the patient is still 
quite young (Cawley, 1947). 

Microscopically the appearances are those of a suppurative 
pneumonia with necrosis, and colonies of the fungus are seen in 
broken-down alveolar spaces and spreading through the walls of air- 
passages and blood-vessels. It is usual for mycelium alone to be 
present, but occasionally fruiting heads are found. This is possibly 
related to the fact that the mycelium can grow under relatively 
anaerobic conditions, but for the formation of sporing heads an 
adequate oxygen tension is required. Although from a study of the 
literature systemic aspergillosis appears to be rare, Duncan informs 
me that there was abundant evidence of hematogenous spread in 
the material studied by him. Cases have also been reported by 
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Cawley (1947), Gerstl, Weidman and Newmann (1948), and by Grekin, 
Cawley and Zheutlin (1950), 

Secondary infection. In cases of chronic bronchitis, bronchiectasis, 
the pneumoconioses, tuberculous cavitation, infarction, broncho¬ 
pneumonia and carcinoma, for example, the fungus may be encountered 
as a secondary invader. The first cases of this kind to be described 
were those of Virchow, and indeed most of the recorded cases of 
pulmonary aspergillosis have been secondary to chronic pulmonary 
disease. 

Experimental pathology 

The most susceptible laboratory animal is the pigeon, but both 
the rabbit and guinea-pig may be used for experimental purposes. 
The dog and cat appear to be resistant. The intravenous route of 
inoculation is more certain than any other, but in pigeons intratracheal 
or intraperitoneal injection causes death in 10-20 days. Ingestion or 
subcutaneous injection has no effect. 

When a suspension of the fungus is injected intravenously, the 
animal dies in from 2 to 7 days, depending on the number of spores 
in the inoculum. Tuberculoid lesions are found in many organs, 
including the lungs, liver, spleen, kidneys, muscles, intestine and 
bone-marrow. For some unknown reason the liver is mainly affected 
in pigeons and the kidneys in rabbits and guinea-pigs. ^Microscopically, 
the lesions are granulomata containing the mycelium. It may be 
mentioned here that when sections of these lesions are stained by 
Gram’s method, the mycelium is usually Gram-negative but may be 
Gram-positive in patches. 

Clinical manifestations and diffekential diagnosis 

The onset may be acute, in the form of pneumonia, as in the 
cases of Delilcat (1945), Gajardo and Honorato (1948), and Norden 
(1948). More often the illness is a clironic one, and some cases go on 
for a very long time, like that reported by Macaigne and Nicaud 
(1926), whose patient had had symptoms for over fifty years. In these 
cases the commonest symptom is haemoptysis, which may occur at 
intervals over long periods (Danielson, 1933), leading to a mistaken 
diagnosis of tuberculosis (Bergman and Henschen, 1930; Hobby, 
1949 ; Chortis, 1949). This is the more likely in that the radiological 
changes in the lungs may be indistinguishable from that disease. 
Hertzog el al. (1949) reported a case which mimicked acute miliary 
tuberculosis and at autopsy showed lesions in the lungs resembling 
those seen in experimental aspergillosis. 

All authors are agreed that one of the differential points in the 
diagnosis is the relatively much better general health of the patient 
with chronic aspergillosis than of a patients with pulmonary tuber¬ 
culosis presenting similar X-ray appearances. The patient does not 
look bo ill and there is less rapid loss of weight. Sputum may be 
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Fig 2 —Wet preparation of 
material removed from one of 
the lung cavities at autopsj, 
showing conidiophores and 
heads Unstained y 90. 
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Fig o —Section of affected lung 
showing tjpical mycelium m 
\nding n blood vessel wall H 
and E y400 



Fig G —Section through a 
small ca\itj m tlie lung 
to show Iming bj a dense 
felt of mjcehum, with a 
few conuhophores and 
fructifvmg heads in the 
right lower corner H and 
E xoo 




Fig 7 —Same as fig G but at 
higher power to show the 
fruiting heads x400 
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abundant, but is consistently devoid of tubercle bacilli unless there 
is, as occasionally, coincidental or supervening tuberculosis. When 
this occurs, the disease is likely to be rapidly fatal. From time to time 
the fungus has been found in the nose and throat of normal individuals 
and may sometimes give rise to asymptomatic infection (Donaldson 
et ah, 1941-42). 

Pulmonary aspergillosis is said to be an occupational disease, 
and a careful enquiry into the patient’s occupational history and 
hobbies is worth while. In the State of Illinois it has been accepted 
as an industrial risk for workmen’s compensation (Coe, 1945). Agri¬ 
cultural workers, fur cleaners and hair combers—who use rye flour 
for degreasing—and bird breeders, especially pigeon breeders, who 
feed the young fledglings with contaminated grain from their own 
mouths, as described by R4non, or who contract the disease from 
infected birds during this process, are the main classes of person 
liable to infection. It is probable, however, that the fungus takes 
hold only when the resistance of the person is already lowered. If 
the disease depended on mere exposure to inhalation of large numbers 
of spores it would be a common disease, but, to quote Duncan again, 
not a single case was found in the occupational group of mouldy-dust 
inhalers. Sometimes there is no occupational cause to bo found, as 
in the case reported by Norden, where, after a thorough investigation, 
A. fumigatus was found in the air of the cellar of the patient’s house. 

Diagnosis 

This may be very difficult, because of the appearance of the fungus 
as a secondary invader in other lung diseases. However, the main 
disease from which primary pulmonary aspergillosis has to be dis¬ 
tinguished is tuberculosis. The diagnosis rests on the absence of 
tubercle .bacilli and the demonstration of A. fumigatus in the sputum. 
This may be determined by direct microscopy, especially if attention 
is directed to any minute greyish or yellowish flecks which may be 
present. Final proof requires, of course, culture of the fungus, when 
the characteristic appearances described above will bo seen. An 
intradermal test, said to be specific, has been described by Maeaigne 
and Nicaud (1927). As in all diseases, the laboratory results must be 
interpreted in the light of the clinical and other findin gs. 

It seems not unlikely that this disease, under the guise of chronic 
tuberculosis, is more frequent than is commonly supposed. Attention 
may be drawn to the warning given by Wahl et al. (1928) that small 
mycelial fragments may retain the stain in the Ziehl-bfeelsen mothod 
and be mistaken by the inexperienced for tubercle bacilli. 

Treatment and prognosis 

The only treatment of any value is the exhibition of iodides to 
the limit of tolerance. Sulphonamides are, perhaps, useful in combating 
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bacterial infection of the diseased lung (Schneider). Sulphonamides 
and penicillin "were nsed by Norden to treat a case, bnt the patient 
developed a lung abscess and recovered only after iodides -were given. 
Sulphadiazine, penicillin, streptomycin and aureomycin were all 
without effect in the case reported by Greldn et al. 

The prognosis in chronic eases is fairly good, since the disease 
progresses slowly, giving time for full investigation and the discovery 
of the fungus, and the subsequent opportunity for treatment with 
iodides, to which the condition readily responds. In acute cases, if 
the disease is not recognised and treated early, the outcome is likely 
to be fatal. 

Case report 

The patient ■was a man, 50 years of age, who died after total gastrectomy 
for generalised carcinoma of the stomach. Ho had had a partial gastrectomy 
three years previously for a gastric ulcer which was reported as showing no 
evidence of malignancy. He was a general labourer and there was no occupa¬ 
tional history as regards his lung condition. 

Post-mortem examination 

Thorax. There was no free fluid in the pleural cavities. The 
right lung was adherent at the apex. In the right upper lobe there 
was an area of consolidation occupying almost two-thirds of the lung 
substance and sharply demarcated from tho rest of the comparatively 
normal lung. The overlying pleura was thickened and vascular. 
On cutting the mass, there was moderate resistance to the knife and 
the cut surface presented the following appearance. The lung substance 
was largely replaced by numerous areas of a rust-red colour in which 
were some patches of anthracosis. Many of these areas were surrounded 
by a narrow zone of firm white tissue 0-5-1 mm. thick, outside which 
was a thin red line of hyperaemia and some of them showed central 
cavitation. These cavities were from 0-5 to 1 cm. diameter and were 
filled with a fine grey dust which rose up like smoke when the affected 
portion of lung was cut through. Other cavities contained scattered 
greyiBh granules, 0-5 mm. in diameter, which could easily he removed 
on the point of a needle. Some cavities contained a number of these 
granules. The rest of the right lung showed only congestion and the 
left lung was normal apart from some congestion at the base. There 
was no evidence of similar lesions in any of the other viscera. 

Direct microscopical examination of the material from the affected 
lung showed masses of fungal mycelium and fruiting heads (figs- 2 
and 3) and a provisional diagnosis of Aspergillus fumigatus was made. 
Cultures on Sabouraud’s medium were sent to Dr J. T. Duncan who 
confirmed the diagnosis. 

Histology 

Sections of the lung showed a suppurative pneumonia, with areas 
of necrosis and cavitation, cut off from surrounding lung by a zone ox 
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granulation tissue. Lining and projecting into the cavities and 
permeating the adjoining tissues were masses of fungal mycelium, 
whioh was also present in bronchioles and was penetrating the 
pulmonary vessels. Some arteries and veins were thrombosed, the 
fungal mycelium forming a continuous network through vessel walls 
into the clot. In some places fruiting heads were also present. Else¬ 
where masses of spores were seen, some of which appeared to be 
germinating (figs. 4-7). These findings are similar to those described 
in cases of primary pulmonary aspergillosis. 


Summary 

A short general account, clinical and pathological, of pulmonary 
aspergillosis is given, together with a report of a case of the primary 
type discovered incidentally at autopsy in a man of 50. 

My thanks are due to Dr H. G. Broadbridge (H.M. Coroner for West 
Middlesex) for permission to report this case and to Mr E. A. Targett for help 
with the photography. I am deeply indebted to Dr J. T. Duncan for his report 
on the fungus and for helpful criticism and advice. 
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AN UNUSUAL RECURRING TUMOUR FORMED OF 
CONNECTIVE TISSUES OF EMBRYONIC TYPE 
(SO-CALLED MESENCHYMOMA) 

W. St. C. Symmers and E. J. Nahgle 

Department of Pathology, University of Birmingham, and the 
Wingfield •Morris Orthopaedic Hospital, Oxford 

(Plates LXX-LXXIII) 

Gilmour (1943) described a peculiar, histologically benign, recurring 
tumour consisting of connective tissues which he considered to be 
embryonic; ho suggested that it could be called a mesenchymoma. 
The patient died four years after Gilmour’s paper appeared, and her 
case is reviewed (case 3) in the present paper, in which three new 
cases of the same type of tumour are also recorded. 

Case reports 

A macroscopic description of the specimens is given, where available, 
after the case-history of each patient. Because of their similarity, 
the histological findings in the form cases aro dealt with together 
subsequently. 

Case 1 

Clinical history 

H. B., male, bom in 1912, was admitted to the Wingfield-Morris Orthopaedic 
Hospital in April 1948 with a smooth, tense, painless mass involving the lower 
half of the right thigh posteriorly. It had been present and enlarging for 
18 months. There was no other abnormality. The clinical diagnosis was large 
semimembranosus bursa or sciatic neurilemmoma. At the first operation 
(17th April 1948), a pinkish-yellow, encapsulated tumour protruded from 
between the medial and lateral hamstring muscles when the deep fascia was 
incised; the sciatic nerve was tightly stretched over the tumour, but was 
easily dissected free. The tumour was removed intact after ligation of a few 
large vessels at its sides. By the 12th May 1949 a smooth, painless mass had 
formed at the Bite of the original tumour. In September 1949 the tumour was 
larger and amputation below the lesser trochanter was performed. In January 
1951 the patient was in excellent health. 

Morbid anatomy 

The original tumour was solid and fairly soft. It weighed 802 g. 
and measured 19x11x9*5 cm., its surface was studded with low, 
rounded protuberances and there was a thin, intact, smooth capsule. 
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When bisected (fig. 1), the tumour resembled a neurilemmoma. Broad 
septa divided it into lobules from the sunken cut surface of -which 
mucoid fluid exuded. The larger lobules were partly opaque and 
white or yellow, partly translucent and grey; the smaller lobules 
were translucent and grey or yellowish. The amputation specimen 
showed a tumour, measuring 17x13x7 cm. and weighing 676 g., 
deep to the hamstring muscles ; its appearance was similar to that of 
the original specimen. The thin capsule was easily separable from 
the surrounding tissues except at the lower pole, where extensive 
scarring involved the bifurcation of the sciatic nerve, which ran deep 
to the tumour. Four rounded nodules, each 2 x 1-5x1 cm., were 
adherent to the capsule. Three rather smaller nodules were present 
beside the popliteal vessels at the lower pole of the tumour and a 
fourth was situated in the intermuscular fascia 3 cm. above the upper 
pole. 


Case 2 
Clinical history 

E. H., female, born in 1906, was admitted to the Worcester Royal Infirmary in 
August 1948 with three years’ history of a slowly enlarging tumour in the medial 
part of the lower third of the right thigh. There was no other abnormality. 
Radiography showed a normal femur. At the first operation (11th August 1948), 
an encapsulated, lobulated, gelatinous tumour, weighing 700 g. and measuring 
17 X 12 X 10 cm., was found deep to the vastus medialis and extended back 
round the femur. Removal of the tumour was difficult owing to bleeding. By 
October 1949 tho tumour had recurred and now extended well up the thigh. 
Radiography showed a periosteal reaction at tho medial side of tho lower third 
of the femur. The radiograph of the chest was normal. On tho 31st December 
1949 amputation through tho upper third of the femur was performed. In 
January 1951 there was no sign of recurrence or motastases. 

Morbid anatomy 

The amputation specimen showed an encapsulated tumour, 
28x12x8 cm., in the lower half of the antero-medial aspect of the 
thigh, displacing and compressing the muscles and extending far 
along the intermuscular fascia;. The tumour, which was similar to 
that in case 1, was easily enucleated, except where its capsule was 
adherent to the scar of the previous operation and to the periosteum 
over a small area on the medial side of the lower third of the femoral 
shaft. Here there was periosteal thickening, with a little bony 
overgrowth. 


Case 3 
Clinical history 

M. C., female, bom in 1900, Gilmour records that this patient first noticed 
the tumour in 1923 as an egg-sized lump in the centre of the lower part of her 
back. As far as we can leam, the original tumour was excised within a year 
of its appearance and the first recurrence, noticed 4 or 6 years later, was treated 
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Fio 1 —Case 1 Cut surface of original tumour after bisection xc 0 8 
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by excision followed by a few doses of X-rays. Further recurrent tumours 
were excised in 1933, 1936, 1938, 1939 (twice) and 1940 (twice). In January 
1943 she was admitted to the Essex County Hospital, Colchester, with recurrence 
in the upper lumbar region. This tumour consisted of two lobes, each about 
12-6 cm. across and adherent to the skin. The lower mass was excised on the 
16th January 1943, with difficulty owing to infiltration between the fasciculi 
of the left erector spinas. On the 20th February 1943 the upper lobe was 
removed, with gelatinous extensions into the right erector spinas. Gilmour’s 
description of the tumour corresponds with that in case 1. 

Progress. Tho patient was referred to St. Thomas’s Hospital, London, for 
radiotherapy. In May 1943 a dosago of 1800 r. was given to tho loins over 
12 days. In October 1943 the first recurrence since the operation in February 
1943 appeared in the lower part of tho irradiated area. A dosage of 2400 r. 
was given over 20 days, and in January 1944 only a small plaque remained 
palpable. Further recurrences at progressively shorter intervals necessitated 
14 courses of deep X-ray thornpy between June 1944 and February 1947, the 
dosage ranging from 1000 to 2100 r. over periods of 12 to 25 days. After each 
course the tumours regressed temporarily, with early recurrence within or 
outside the irradiated areas, and eventual ulceration. No evidence of metastasis 
was found on repeated clinical and radiographic examination between January 
1943 and July 1947. By July 1947 further radiotherapy was out of the question 
because of damage to the skin. In August 1947 a course of three injections of 
lead phosphate was started. Five weeks later the tumours of the back were 
somewhat smaller, but the patient’s general condition was worse and a mass 
“ as large as her head ” was found in the left iliac fossa and loin. A second 
course of lead-phosphate injections was given. The patient died of exhaustion 
on the 3rd October 1947. There was no necropsy. 


Case 4 
Clinical history 

T. W., male, bom in 1899, was admitted-to the Queen Elizabeth Hospital, 
Birmingham, in September 1946 with a firm, slightly painful swelling in the 
left buttock of 8 weeks’ duration. When lying on the affected side pain radiated 
down the back of the leg. At the first operation (19th September 1946) a large, 
encapsulated, lobulated tumour was removed by diathermy from deep to the 
gluteus maximus. Deep X-ray therapy, 3000 r. over 28 days, was given in 
November 1946. Recurrence was found in March 1948. At the second operation 
(12th March 1948) an encapsulated tumour, 8 cm. in diameter, was removed 
from deep to the gluteus maximus, where it was in contact below with the sciatic 
nerve, which was not involved. By July 1949, persistent aching in the buttock 
and occasional cramps in the left calf had been present for a year ; tliree firm, 
tender masses were present in the left buttock along the line of the sciatic nerve ; 
there was partial anaesthesia of tho back of the thigh. At the third operation 
(22nd July 1949) a soft tumour beneath the glutei, encapsulated externally but 
invading the muscles of the gluteal region and of the back of the thigh, was 
resected together with invaded muscle and a 5 cm. length of involved sciatic 
nerve; it was thought probable that small, inaccessible nodules escaped 
observation. On the 16th August 1949 a hind-quarter amputation was per¬ 
formed in view of the probability of further recurrence with the risk of inward 
extension through the sciatic foramina; no tumour was seen during the operation. 
In August 1960 there was a large mass in the left side of the abdomen, rising 
out of the pelvis and obstructing the left ureter ; chest radiographs were normal 
and the general condition was good. The tumour was inoperable and a biopsy 
was taken. The patient died at home a few weelts later. There was no necropsy. 
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Morbid anatomy 

(a) The specimen from the third operation weighed 646 g. and 
comprised incompletely encapsulated, flattened, ovoid masses, 2 to 
6 cm. across, of gelatinous, greyish tumour with friable, opaque, 
yellow areas. (6) The amputated limb contained a single gelatinous 
tumour-nodule, 1*8x1 *0x0*8 cm., deep to and invading the belly 
of the superior gemellus. Surgical scarring, and degenerative changes 
due to the nerve resection were present; the bones and joints were 
normal. 

Histology of the tumours 

The material available comprised:—Case 1: Both specimens. 
Case 2 : Amputated leg, and stained paraffin sections (hajmatoxylin 
and eosin ; hsematoxylin and van Gieson’s stain) of four portions of 
the original tumour. Case 3 : Gilmour’s original paraffin blocks of 
one portion of the tumour removed in January 1943 and three of that 
removed in February 1943. Case 4 : Three paraffin-imbedded portions 
of the 1946 specimen and two of the 1948 specimen; both 1949 
specimens ; 1950 specimen. The material was fixed in formol-saline 
(4 per cent, formaldehyde) in all cases. 

The following histological account of the tumours in case 1 is equally 
descriptive of the appearances in cases 2 and 3. The original tumours 
in cases 1 and 2 were identical; the recurrence in case 2 and the two 
available tumours in case 3 were identical with the recurrence in case 1. 
The differences between the tumours in case 4 and those in case 1 
will be described subsequently. 

Histology of original tumour in case 1 

There is a thin, partly hyaline, collagenous capsule merging with 
underlying tumour tissue through a narrow, loose-textured zone 
containing groups of mature fat-cells. The tumour is composed of 
three varieties of tissue—vascular, fibrous and adipose. The vascular 
and fibrous components are intimately blended, forming lobules 
ranging from a few mm. to several cm. across, the interlobular areas 
being occupied by the less abundant adipose component. The vasculo- 
fibrous and adipose areas (fig. 2) in general are not sharply delineated, 
although in places completely separated by thick collagenous trabeculse, 
sometimes with many elastic fibres. Occasionally there are large 
blood vessels in the trabecula?, with no muscle or elastic elements in 
their thin walls. Their capillary branches anastomose with the 
neoplastic capillaries. 

Vasculo-fibrous component of tumour. This resembles a fine sponge- 
work (fig. 3), the septa being formed by narrow, anastomosing 
capillaries. Most of the vessels are empty, their walls in contact and 
the lumen often incompletely formed ; others contain normal blood. 
The endothelial cells are more prominent than in normal vessels, 
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Fig —Cuso 1. Onginnl tumour. Adjacent rones of immature adipose tissue 

and capillarv sponge-work sepurnted by a broad fibro-futty septum containing 
many large mature fnt-relis. Phosphotungstic aeid-bar*mato\ylin. x 100. 



Fig* 3.—Case 1. Onginal tumoui. Mesh-work pattern of neoplastic 
capillaries Phosphotungstic acid-luematoxj hn. x 63. 
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Tin 4 —Case l Original 
tumour Capillary sponge 
work showing fibrillar 
structure in intercapillarj 
spaces and scattered fat 
cells of different degrees of 
maturity Masson’s tri 
chrome stain x20Q 


1 to — Oaso 1 Original 
tumour Part of a v oscular 
nodule allowing three cells 
near the eentie resembling 
nucleated red blood tells 
and in their Mrmit> set oral 
globules of eosinophil |»j a- 
luie material Hmmatowlin 
and eosin x400 




Tic 0 — Case 4 Original 
tumour Junction between 
hposarcomatous area (on 
left) and \ascular zone 
Haem alum and eosin x 100 
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with more cytoplasm and longer, plumper nuclei. New vessels bud 
from those already formed, especially near the periphery of the lobules. 
Fine reticulin, collagen and elastic fibres lie external to the endothelium 
and radiate across the interstices of the sponge-work. Scattered 
ovoid, spindle-shaped or stellate cells are found in intimate contact 
with the fibres ; their faintly striated, acidophil or basophil cytoplasm 
is often united with adjacent cells by fine cytoplasmic processes. A 
few cells resemble smooth-muscle cells, having cytoplasmic fibrils 
which are stained deep blue by phosphotungstio acid-hematoxylin. 
Occasional fat-cells are present in the interstices, particularly towards 
the periphery of the vascular lobules ; the cells range from immature 
lipoblasts to fully adult cells (fig. 4). The capillary sponge-work is 
most cellular and of finest mesh in the outer parts of the nodules. 
Here, as well as fibroblasts and lipoblasts, there are some small, round 
or polyhedral, undifferentiated cells resembling the so-called undiffer¬ 
entiated mesenchymal cells of mature connective tissues. Occasional 
mast-cells are found, especially near the trabeculae. Eosinophil 
leucocytes are scanty and thore are no extravascular neutrophil 
polymorphonuclears. Scattered lymphocytes are present, and a few 
normal erythrocytes have escaped into the interstitium. 

The interstices of the sponge-work are filled by a finely granular 
ground-substance which appears pale pink when stained with Mayer’s 
hajmalum and eosin, pale blue with Ehrlich’s hematoxylin and eosin 
and intensely motachromatic with 1 per cent, toluidino blue, and 
which has no affinity for neutrai red by DufTetf's (1949) fuematoxylin- 
neutral-red technique, or for Southgate’s mucicarmino. There are 
cysts in the interstices of the sponge-work in some areas, mostly about 
200 fi across, although some are as much as 3 mm. in diameter ; some 
are partly or completely lined by barely visible flat cells, or by bigger 
cells with large, pale nuclei and much lia'illat oxyphil cytoplasm 
which often contains acidophil, hyaline droplets ; some cells project 
on a narrow stalk into the cyst, or lie free within it. The contents of 
the cysts resemble the interstitial ground-substance ; in the smaller 
cysts the contents are only faintly metachromatie with toluidine blue, 
but have marked affinity for neutral red and for mucicarmine ; in the 
larger cysts the affinity for the latter stains is less or absent, and there 
is no metachromasia. Homogeneous, rounded masses are found in 
many of the larger cysts ; they are strongly eosinophil and are not 
metachromatie or stained by mucicarmine, although they have a 
marked affinity for neutral red ; they stain dark purple with phospho- 
tungstic acid-hematoxylin, and with Heidenhain’s iron hematoxylin 
they are more resistant to differentiation than erythrocytes ; they 
contain no demonstrable lipid ; they do not give a reaction for hsemo- 
globin by the Okajima-Dunn method (Lillie, 1948) or by the benzidiue- 
nitroprusside-oxidase method of Lepehne and Pickworth (Lillie). 
Occasionally this material surrounds erythrocytes, as is well seen in 
trichrome (hematoxylin, Ponceau-acid-fuchsin, fast green) prepara- 
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tions, in which the erythrocytes stand out sharply from the surrounding 
deep green substance. One or more dense chromatin masses, 3 to 6 p 
in diameter, apparently pylcnotic nuclei, are present in some of the 
globular bodies in the cysts and in non-cystic areas (fig. 5); the smaller 
of these closely resemble pyknotic normoblasts, but most are of 
irregular shape, and their staining reactions do not confirm the 
morphological impression. Two other cell-types in the vasculo-fibrous 
areas morphologically resemble nucleated red blood cells. One occurs 
in cystic areas, the resemblance being close only at low magnification ; 
this type contains an ovoid, reticulated nucleus and single or multiple, 
closely packed, homogeneous bodies of the general size and shape of 
erythrocytes ; some resemble Russell bodies, but differ from the 
latter in staining more brightly, in completely losing the neutral red 
when stained by Buffett’s method, in reacting positively to the 
Okajima-Dunn and Lepehne-Piekworth reagents, and in containing 
fine pigment giving a positive Perls’s reaction for iron. Cells of the 
third type somewhat resemble normoblasts or megaloblasts, but the 
cytoplasm gives neither the Okajima-Dunn nor the benzidine reaction, 
and the nuclear structure ranges from pyknosis to that typical of 
histiocytes. 

Adipose, component of tumour. This is of simpler structure ; mostly 
it is almost fully differentiated, but in places there is a considerable 
proportion of less mature cells, and in other areas nearly all cells are 
late lipoblasts. Most of the fat is sudanophil, with a small proportion 
of minute, needle-shaped, birefringent crystals, staining feebly, if at 
all, with Sudan dyes ; the crystals are more abundant in areas of 
better differentiation. Blood vessels and connective-tissue fibres are 
scanty. 

In all parts of the tumour mitoses are very rare and there are no 
abnormal mitotic figures. Necrosis is absent. 


Histology of recurrent tumour in case 1 

The recurrent tumour is characterised by a considerably smaller 
proportion of adipose tissue, and by greater cellularity of all 
components, due partly to capillary proliferation as small, solid 
outgrowths from the vessel-walls, but mainly to the increased number 
of fibroblasts and small, round, undifferentiated cells. Mitoses are 
very rare. The main mass and the eight accessory nodules are of 
the same structure and each has a narrow, fibrotic capsule. The 
hyaline capsule of the main mass (case 1 only) contains a few small, 
ill-defined areas of chondroid structure, with patchy calcification of 
the matrix. 

No tumour tissue was found in sections of any part of the amputated 
limb in cases I and 2, other than in areas macroscopically involved. 
In none of the first three cases of the series had the tumour broken 
through the capsule and there was no involvement of the thickened, 
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hyaline periosteum of the femur in case 2. In case 3 prolongations 
of the tumour into the muscles were completely separated from muscle 
tissue by intact capsule. 

Histology of tumours in case 4 

The original tumour in case 4 and the recurrences differ only in 
the greater cellularity of the latter, in whioh mitoses are relatively 
more numerous. The basic structure of the tumours is the same as 
in case 1. In case 4 there are fewer mature cells in the adipose com¬ 
ponent (figs. 6 and 7). The vasculo-fibrous areas are much more 
cellular than in case 1, the intercapillary spaces being loosely packed 
with spindle-shaped and stellate cells (fig. 8); there are fairly numerous 
large, bizarre cells which contain one or more atypical, hyperchromatic 
nuclei; mitotic figures are fairly common and many are atypical. 
Unequivocally sarcomatous appearances are seen in both adipose and 
vasculo-fibrous areas and there are transitions between immature 
adipose tissue, liposarcoma and undifferentiated sarcoma, and between 
the tissues of the capillary sponge-work, fibrosarcoma and undiffer¬ 
entiated sarcoma. No vasoformative activity by sarcomatous elements 
is apparent. In places the structure is “ myxosarcomatous ” ; such 
areas are distinct from the mucinous cysts. Cysts are numerous, their 
lining being more prominent than in case 1 and at times resembling 
hyperplastic synovia. Considerable areas of necrosis are seen. 
Encapsulation is incomplete, with areas of invasion of the surrounding 
tissues in all specimens. The nodule from the amputated limb (fig. 9) 
and the biopsy of the abdominal mass are similar to the other tumours. 
No tumour tissue is present in an external iliac lymph node removed 
during amputation, or in any part of the limb not macroscopically 
involved. 


Discussion 
Nature of the tumours 

All the tumours had the same basic structure, being composed 
solely of vascular, fibrous and adipose tissues of embryonic type. 
Chondroid foci, which occurred only in the capsule of the recurrent 
tumour in case 1, were thought to represent a metaplasia of the 
capsule and not to be neoplastic. The vascular and fibrous components 
were intimately blended, forming lobules between which lay the 
adipose component. The capillaries forming the vascular component 
were undoubtedly neoplastic ; their number appeared greatly in 
excess of the nutritional needs of the tissues, and many were incom¬ 
pletely canalised ; further, the peculiar sponge-work structure of the 
vasculo-fibrous areas appeared to have been determined by the pattern 
of growth of the vessels. Collagen, reticulin and elastic fibres formed 
an integral part of the tumour, being the product of differentiating 
tumour-cells. Eibroblasts and lipoblasts at various stages of 
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differentiation and a few smooth-muscle cells occurred in or near 
the capillary walls. Stellate cells, as seen in myxomatoid tissues, 
and cells resembling the so-called undifferentiated mesenchymal cells 
of mature tissues were also present. Mucinous ground-substance 
filled the interstices of the sponge-work. Minute cysts containing 
similar material were partially lined by cells resembling mesothelial 
or synovial cells. 

The tumours formed a graded series. The original tumours in 
cases 1 and 2 were well differentiated; the recurrences in these cases 
and the available tumours in case 3 were more cellular but still 
histologically benign; and in case 4, although all specimens contained 
areas identical in structure with those in the other cases, the original 
tumour was frankly sarcomatous and its recurrences were progressively 
more cellular and pleomorphic. The multiple recurrent growths in 
each case may indicate either multifocal neoplasia or the escape of 
viable tumour cells during operation ; there is no convincing evidence 
of local lymphatic or hsematogenous spread. Although the tumour 
in two cases developed close to the sciatic nerve, it could easily be 
freed from the nerve at the earlier operations and its origin from the 
nerve can be excluded. 

It is suggested that these growths, three histologically benign 
and the fourth histologically malignant, are examples of a tumour 
that is peculiar in being formed of varied tissues, the non-neoplastic 
analogues of which are all embryonic derivatives of mesenchyme. 
Such a tumour could arise from differentiation, along more than one 
line, of undifferentiated cells that retain some of the pluripotentiality 
of the embryonic mesenchyme. The behaviour of all the tumours 
was that of a neoplasm of low-grade malignancy, displacing and 
compressing the surrounding tissues but invading them only in the 
case of the histologically sarcoma’tous growth. The tendency to local 
and progressively more cellular recurrence is more important than 
the absence of histological criteria of malignancy in assessing the 
character of the process in the first three cases. 


Relation to liposarcoma 

Ewing (1935, 1940) distinguished two main types of liposarcoma. 
One consisted of foetal fat-cells, myxomatous tissue and a “ peculiar 
proliferating capillary vascular system ” : this type he named foetal 
or embryonal myxoliposarcoma and his photomicrograph (Ewing, 
1940; fig. 51) shows a structure like that illustrated in fig. 2 of the 
present paper. Ewing described the second type as consisting of 
fat-cells like those seen in regenerating inflamed adult adipose tissue, 
with predominance of spindle-shaped and granular polyhedral cells, 
and more or less anaplasia ; he called it adult liposarcoma. While 
recognising the variation in structure which may be seen in lipo- 
sarcomata (Stout, 1944), we do not believe that the tumours in our 
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cases arc tumours of adipose tissue. The tumours usually designated 
liposarcomata (Ewing’s “adult liposarcomata ”) do not show the 
peculiar organoid mixed structure which we have described; thoir 
pleomorphism is characteristically diffuso and circumscribed foci of 
differentiated tissues are not formed. 

Haemopoiesis in the tumours 

We found no evidence of haemopoiesis in any of the tumours. We 
have been unable to confirm Gilmour’s observation of immature 
blood cells in his case (our case 3), but wo have seen only two of the 
five recurrent tumours available to him. Cells resembling nucleated 
red blood cells were present in all four cases in our series, but we 
interpreted them as phagocytes. Similar cells are commonly present 
in small numbers in a variet} 1, of normal and pathological tissues, 
e.g., in the stroma of young chorionic villi, in myxomatoid tissue 
(neoplastic or degenerative) and in the matrix of the common pleo¬ 
morphic salivary-gland neoplasms. The material in most of these 
cells was identical with that forming the hyaline masses in the cysts 
and present in some of the mesothelioid lining-cells. So-called 
“ specific ” staining reactions of haemoglobin wero given by other 
cells, but from their appearances and nuclear characteristics wo 
believe that these were histiocytes which had engulfed free erythrocytes. 

Nomenclature 

By describing these tumours as liposarcomata, Ewing (1935, 1940) 
implied a histogenesis which we consider disputable. Gilmour (1943) 
described the tumour as a toratoblastoma arising in a cell which still 
contained determiners for the formation of several kinds of mesodermal 
tissue; he suggested that it could bo named mesenchymoma or 
connectivoma. Connectivoma, derived from the obsolete term 
conneclivum, has nothing to recommend it. Gilmour used the name 
mesenchymoma because he considered that the tumour was formed of 
embryonic connective tissue, and Willis (1948) accepted it as 
appropriate because Gilmour’B tumour “ consisted of mucinous tissue 
like embryonic mesenchyme with also lipoblasts and hrcmopoietic 
cells”. 

The earliest uses of the word mesenchymoma which we have been, able to 
trace are by Klein (1932) and Cellina (1932). Klein defined mesenchymoma 
as a sarcoma of such primitive nature that only a more or less uniform cell-type 
is present, resembling the cells of undifferentiated mesenchyme or at most 
differentiated only to the point of blood-channel formation. He applied the 
terra to Ewing s tumour of bone, angiosarcoma and some endotheliomata, 
and said that where tumour cells resemble differentiated cells or produce, for 
example, fibrous tissue or bone, one is no longer dealing with mesenchymoma 
but with entities such as fibrosarcoma or osteogenic sarcoma. Cellina used 
the name in a wider sense; he reviewed the non-epithelial hepatic tumours, 
grouping them all as mesenchymomata. 
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Marburg (1934-35) described as a meningeal mesenchymoma a tumour formed 
of undifferentiated and fibroblastic cells at the site of an iodoform-gauze swab 
left in situ during partial excision of an astroblastoma 5 years earlier. Tauber 
et al. (1938) described an invasive, metastasising “turban tumour ” composed 
of large cells with argyrophil cytoplasmic processes; they called it an “ un¬ 
differentiated malignant tumor of mesenchymal origin, a mesenchymoma”. 
They suggested that this name was valuable as designating a new class in which 
to place tumours of doubtful nature, thus avoiding their unjustified inclusion 
in the categories sarcoma and carcinoma and taking many tumours of uncertain 
nature out of the category “ endothelioma.” 

Tak&cs (1942) reported a metastasising uterine “ myxo-angio-endothelioma ” • 
he suggested that it originated from mesenchymal parts of retained chorionic 
villi, and named it mesenchymoma embryonale angioplasticum. Stout (1948) 
(infra) accepted this case as a mesenchymoma, but erroneously referred to it 
as benign. Novak (1947) grouped granulosa-cell tumours, thecomata and 
“ luteomata ” together as ovarian mesenchymomata, on the grounds that 
granulosa and theca develop from ovarian mesenchyme; to distinguish them 
from dysgerminoma, which he said is derived from ovarian mesenchyme " in 
its undifferentiated phase ”, that is, from cells not yet definitely stamped with 
feminine potentialities, he suggested the expression “ feminizing mesenchymoma 
of the ovary ” for the former group. The still uncertain genesis of normal 
and neoplastic ovarian elements makes Novak’s terminology inadmissible; 
moreover, if the ultimate mesenchymal origin of a cell wore to entitle its 
neoplastic derivatives to the name mesenchymoma, this term could cover most 
non-epitlielial neoplasms and some epithelial ones. 

Stout (1948) defined the mesenchymomata as a group of neoplasms in which 
two or more tissues of mesenchymal derivation participate and are amalgamated 
into a single mass. He recognised benign and malignant varieties, and said 
that they occur most often in certain regions where congenital malformations 
are common (urogenital organs, breast). Amongst the benign forms Stout 
included hamartoma of the lung, arbitrarily excluding those containing epithelial 
elements, and several other conditions which also appear to be Immartomatous 
although he did not so describe them. Stout classified as malignant mesen¬ 
chymomata a variety of tumours each containing connective tissues of more 
than one type, any one of which had the structure of a primary sarcoma. He 
deprecated the term mixed tumour for such growths because of its association 
with tumours of salivary and similar glands and with urogenital and mammary 
tumours containing epithelial and connective-tissue elements. Mesenchymoma 
appeared to him a safer and less clumsy term than mesodermal or mesenchymal 
mixed tumour. None of Stout’s (1947 ; 1948) malignant mesenchymomata 
was identical in composition with the tumours reported in the present paper, 
but there is no doubt that the tumours in each series are of the same nature 
and are the product of neoplastic growth of cells with a mesenchyme-like 
capacity to form a variety of tissues. Stout’s tumours were more complex 
due to differentiation along additional lines. The retroperitoneal “ mixed 
tumours ” reviewed by Lahteenmaki (1945) are similar. 

This review shows that there is confusion in the use of the 
name mesenchymoma. If the name is to be used, we believe that 
it should be given only to neoplasms composed of more than 
one type of connective tissue, the structure of which is that of 
differentiating embryonic tissues which develop from and replace 
the primitive mesenchyme. The tumours reported here could be 
so named. 
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Prognosis and treatment 

These locally malignant tumours are characterised by comparatively 
slow initial growth and local recurrences at progressively shorter 
intervals after simple excision of the apparently encapsulated masses. 
Successive recurrences tend to be more cellular and less well differ¬ 
entiated. Distant metastases did not develop, so far as is known, in 
the two surviving patients in our series, although their occurrence 
as a relatively late event in the history of tumours of this type would 
not be surprising. In the patients who died (cases 3 and 4) there was 
no clinical or radiological evidence of metastasis a few weeks before 
death, but in the absence of post-mortem examination metastasis 
cannot be excluded. Blood-borne metastases developed in a few 
of the more complex, frankly sarcomatous, tumours in Stout’s (1948) 
series. 

With regard to treatment we believe that there should be no 
avoidable delay in performing amputation if recurrence follows local 
excision. This should be done even when the tumours appear histo¬ 
logically benign, for subsequent recurrences are likely to show more 
active growth and the possibility of eventual metastasis cannot be 
excluded. The tendency to grow along fascial planes makes it necessary 
to choose the site of amputation so that an adequate margin is left 
well above the level of the clinically determinablo limits of the growth. 
If amputation is impracticable a combination of excision and deep 
X-ray therapy offers tho best chance of preventing recurrence and, in 
the event of recurrence, of postponing death. Excision should be 
undertaken with particular care to prevent rupture of the tumour 
and seeding of viable tissue in the wound ; if biopsy is performed the 
biopsy wound should be widely excised when the tumour itself is 
removed. 

Summary 

Eour cases of an unusual recurring connective-tissue neoplasm are 
described. The tumours consisted of immature vascular, fibrous and 
adipose tissues resembling the embryonic connective tissues which 
develop from the undifferentiated mesenchyme. No evidence of 
haemopoiesis was found in any of the four cases although cells resembling 
nucleated precursors of erythrocytes were seen ; they were interpreted 
as phagocytes. 

In one case the tumours were frankly sarcomatous in structure; 
in the others they were histologically benign. This is considered to be 
of little importance in relation to prognosis, as local recurrence 
developed in all cases. Metastasis was not observed in any of the 
cases, although its development would not be sin-prising. 

Two of the patients were men and two were women. The ages 
at which the tumour was first noticed ranged from 23 to 47 years, 
and the durations before excision from 8 weeks to 3 years. The 
intervals between the first excision and the first recurrence ranged 
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from 13 months to more than 4 years (18 months for the histologically 
sarcomatous growth). In three cases amputation was necessary 35, 
37 and 52 months respectively after the tumour was first noticed. 
In the third case the patient died with intra-abdominal extension of 
the tumour little more than a year after hind-quarter amputation. 
In the fourth case the tumour recurred repeatedly over a period of 
24 years despite surgical and deep X-ray therapy; the recurrent 
tumours were moderately radiosensitive. 

Treatment by amputation is advised if recurrence follows local 
excision. If amputation is impracticable recurrence should be treated 
by a combination of excision and radiotherapy. 

We wish to thank Mr W. B. Foley (Oxford), Mr G. H. Marshall (Worcester), 
Mr B. W. Reid (Colchester) and Mr B. N. Brooke (Birmingham) for permission 
to record cases 1, 2, 3 and 4 respectively; Dr J. A. C. Fleming (St. Thomas’s 
Hospital, London) and Dr J. F. Bromley (Birmingham) for details of the 
radiotherapy in cases 3 and 4 respectively ; Dr R. H. Cowdell (Oxford) for the 
macroscopic description of the amputated limb in case 1, Dr P. Kidd (Worcester) 
for the amputation specimen and stained sections in case 2, and Dr J. B. Penfold 
(Colchester) for the paraffin blocks in case 3; Prof. J. W. Orr and Dr A. H. T. 
Robb-Smith for their interest; and Dr G. A. C. Summers (Bristol) for the 
photograph of the specimen in case 1. 
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THE TAKING AND PROJECTION OF STEREOSCOPIC 
PHOTOGRAPHS IN COLOUR OF SMALL OBJECTS 

J. Edgar Morisot 

Institute of Pathology , The Queen's University of Belfast 

(Plate LXXIV) 

The viewing of a stereoscopic picture is no longer restricted to one 
person at a time, and the description of a relatively cheap method of 
taking and projecting stereoscopic pictures in colour of small objects 
may now prove of interest to many workers in various branches of 
biology. 

During the course of research on lung structure and development, 
which is still in progress, the writer has developed a technique for the 
preparation of neoprene latex casts of the air spaces and for the study 
of the surrounding lung tissue (Morison, 1948). The structures to 
be studied are three dimensional and may be in various colours. They 
are dissected and studied under the binocular dissecting microscope 
and ordinary photography fails to provide a satisfactory record. 
The casts tend to become brittle on storage and it is also necessary 
to retain a record of casts at various stages of dissection. The material 
is usually dissected under water and no system of stereoscopic photo¬ 
graphy requiring movement of the object is possible, Eor this and 
other reasons methods usually available for the taking of stereoscopio 
photographs at various magnifications are not suitable. These methods, 
and methods of projecting stereoscopic transparencies so that they 
can be observed by a number of people at once, ore reviewed by 
McKay (1948) and Judge (1950). The apparatus designed has proved 
convenient to the author both for its original purpose and in a study 
of placental structure and even for the photography of small specimens. 
However, it is not claimed that the principles involved are in any 
way novel. 

The stereoscopic camera 

Object stand. This must be the stage of the twin objective binocular 
microscope used for the dissection and study of the specimen (fig. 1). 
This stand is so fixed that an object seen in the centre of the field of 
the microscope is also centrally positioned for any lens advanced 
over it by the camera. The specimen is usually lit by incident light 
from an enclosed 6 volt 30 watt lamp fitted with focusing bull’s eye 
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from 13 months to more than 4 years (18 months for the histologically 
sarcomatous growth). In three cases amputation was necessary 35, 
37 and 52 months respectively after the tumour was first noticed. 
In the third case the patient died with intra-abdominal extension of 
the tumour little more than a year after hind-quarter amputation. 
In the fourth case the tumour recurred repeatedly over a period of 
24 years despite surgical and deep X-ray therapy; the recurrent 
tumours were moderately radiosensitive. 

Treatment by amputation is advised if recurrence follows local 
excision. If amputation is impracticable recurrence should be treated 
by a combination of excision and radiotherapy. 

We wish to thank Mr W. B. Foley (Oxford), Mr G. H. Marshall (Worcester), 
Mr R. W. Reid (Colchester) and Mr B. N. Brooke (Birmingham) for permission 
to record cases 1, 2, 3 and 4 respectively ; Dr J. A. C. Fleming (St. Thomas’s 
Hospital, London) and Dr J. F. Bromley (Birmingham) for details of the 
radiotherapy in cases 3 and 4 respectively ; Dr R. H. Cowdell (Oxford) for the 
macroscopic description of the amputated limb in case 1, Dr P. Kidd (Worcester) 
for the amputation specimen and stained sections in case 2, and Dr J. B. Penfold 
(Colchester) for the paraffin blocks in case 3 ; Prof. J. W. Orr and Dr A. H. T. 
Robb-Smitli for their interest; and Dr G. A. C. Summers (Bristol) for the 
photograph of the specimen in case 1. 
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Plate LXXIV 


Fig. 1. —The object is dissected in water on the stage of the twin objective binocular 
microscope. The stereoscopic camera is seen occupying more than the right 
half of the picture. It is not in use. Its lens system has been focused so that 
the point of the needle appears sharp on the clear glass screen of a Stewartry 
Leica copier. The neodle is seen to pass through the spindle of the swivelling 
movement of the milling slide. The ball handle for locking the rotary movement 
of the swivelling milling slide is also seen. 

Fig. 2. —The body of the binocular dissecting microscope has been removed and the 
entire camera advanced over the object. The handle of the worm movement 
responsible for this horizontal advance is seen in the extreme right lower part 
of the picture. The slide for focusing by raising or lowering tho whole camera 
is at right angles and tho handle for its worm movement is seen just above tho 
focusing needle, which is now almost completely withdrawn. 
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movement provided on the swivelling milling slide (fig. 2). Because 
the position of the binocular stand was previously fixed this horizontal 
movemont advances the ccntro of the camera lens over the centre 
of the field studied by the binocular dissecting microscope. Actually, 
even if the stand of the binocular dissecting microscope did shift 
and the state of tlio dissection did not permit its movement back into 
position, the eamora could bo moved to one or other side. A second 
rotary movement about a vortical spindle is provided on tho swivelling 
milling slido and this could be unlocked for this purpose. 

Focusing the camera on the object. Tho camera is focusod on tho 
object by raising or lowering the whole camera and leaving tho lens 
system, which has been focusod on tho ccntro of rotation of the camera, 
untouched. This is easily done since tho entire eamora, consisting 
of lens system, copier and camera body and swivelling milling slide, 
is carried on the second, or plain vortical milling slido (fig. 2). The 
worm* movement this provides gives a vertical movemont which is 
satisfactory for all but magnifications of a hundred or over. The frosted 
glass of tho copier has been replaced by clear glass with a fine engraved 
scale on it and tho image is focused on this and viewed through a 
suitable focusing telescope. 

Taking the pair of stereoscopic pictures. One picture can be taken 
with tho camera directly ovor the object. Tho other must be taken 
after tho camera has been rotated to one or other side by an amount 
which will bo discussed later. A simple pointer and a scale marked 
in angles are carried on tho moving and on tho fixed components of 
the swivelling milling slido and measure tho rotation. After the 
first picture has been taken tho second is obtained by releasing the 
rotary movement of tho swivelling milling slide, rotating it to right 
or left as desired and re-locking it. Re-focusing of the object should 
not bo necessary. 

Dr.TF.nMTNAVION OF EXPOSURE TIME 

Exposure is highly oritical in colour photography and it is vmy 
difficult to standardise incident lighting of the object. Instead the 
useful high and low light values from different parts of tho image as 
it appears on tho clear glass focusing screen are determined. This 
can be done with considerable accuracy with a SEI photometer 
(Messrs Ilford Ltd.). A simple pocket lens fitted over the viewing 
lens of the photometer allows tho imago on tho clear glass focusing 
screen to be seen. The instrument superimposes a small and diffusely 
illuminated light spot on the image and this is matched against the 
brightness of tho imago. Tho brightness of the light spot cam bo 
modified by photometric wedges and filters in the instrument and the 
intensity of the light source is accurately controlled. The brightness 
of any portion of tho imago can be expressed in foot-lamberts or in 
log foot-lamberts, but the former is sufficiently accurate. Using 
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Kodachrome Type A film the exposure time in seconds, when the 
useful low light is measured, will probably be 10 to 15 divided by the 
fight value in foot-lamberts. If the high fight is measured it may 
be 20 to 30 divided by the reading in foot-lamberts. 

Stereoscopic projection 

Principle. The left-hand picture must be seen with the left eye 
and the right-hand picture with the right eye of the observer. This 
can be done if the two pictures are each projected through separate 
projectors. The fight of these two projectors is polarised and t his 
polarisation is so arranged that the plane of polarisation of the fight 
Of one projector is at right angles to that of the other. The left-hand 
picture is projected by fight which, because of its plane of polarisation, 
is entirely, or almost entirely, obliterated as it passes through a 
Polaroid film held in front of the observer’s right eye. This fight 
readily reaches the left eye because the polaroid film in front of that 
eye is polarised in the same plane as the polaroid screen polarising the 
fight of the left-hand projector. Similarly fight from the right-hand 
projector reaches the right eye, but cannot pass the polaroid film in 
front of the left eye with its plane of polarisation at right angles to 
the polariser in the right-hand projector. The fight received by the 
observer is reflected from a screen and it is obvious that this screen 
must not depolarise the fight. A silver metallic-painted screen is 
suitable, but a white screen cannot be used. 

Arrangement of projectors. Two Aldis 35 mm. projectors with 
100 mm. projector lens are used, but other projectors could be used. 
In these projectors it is easy to fit polariser screens on to the lens 
mount so that they fie between the slide carrier and the projector 
lens. A circular disc of polaroid is placed between two flat brass rings 
which are attached to one another by screws. One ring is slightly 
larger than the other and is held against the flat surface of the lens 
mount by three screws at its edges. It is rotated until the light from 
this projector is obscured to the maximum degree as seen by the 
opposite eye through the polariser spectacles to be employed. The 
screws are then tightened and the screen securely locked in position. 

The projectors are placed close to each other. Each is focused 
separately on the screen. It has not been found useful to complicate 
the arrangement by fixing the projectors to a base. When the two 
pictures are projected simultaneously on the screen and viewed without 
suitable spectacles they appear as a confused jumble. The trans¬ 
parencies are rarely so accurately mounted that objects in both 
appear at the same height from the bottom. It would be very difficult 
to correct this by any positioning of the transparencies in their mounts, 
but it can be easily corrected by raising or lowering one of the projected 
images, usually the right, by adjusting the two positioning screws 
provided on the front of the projector. By a slight movement of 
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one projector or slide carrier to one or other side the two pictures 
can then be brought into coincidence at one point. It is usually 
convenient to bring the two images of some distinct object lying in 
the plane nearest to the observer into coincidence. If the picture is 
then viewed with the stereoscopic spectacles it should appear three- 
dimensional and lying behind the screen. These adjustments can be 
made rapidly by glancing over the top of the spectacles. Both images 
are then seen and prominent objects can be selected and the pictures 
brought into coincidence. 

Position of screen and spectators. It will usually be most convenient 
to arrange when taking the photograph that the projector-to-screen 
distance will also be the optimum viewing distance. In theory only 
one viewing position is correct and this must be arranged at the time 
of taking the picture. Even in stereoscopic pictures of familiar objects 
considerable variation in the distance is permissible and no distortion 
will be appreciated. In the photography of microscopical objects, 
the relative size and position of objects are necessarily unfamiliar 
and unknown distortion may not be so readily appreciated. Viewing 
positions too far from the screen tend to increase the antero-posterior 
diameter of objects and observation too near the screen tends to 
make objects appear flattened out. 

Separation of taking lens 

In orthostereoscopy all objects appear to the observer to be the 
same Bize as they were at the time of photography, and all appear 
to be situated at the same distance from him and from each other 
as they did at that time. Here the stereoscopic pictures are taken 
with lenses separated to the same extent as the eyes of the observer 
and are viewed by lenses identical with those used when photographing 
them. When these conditions are departed from very difficult and 
controversial problems arise but these cannot be discussed here. 
Wright (1938) has pointed out in a discussion of stereophotomicro- 
graphic methods that the visual angle subtended by the enlarged 
image is settled once for all by the magnification of the optical system. 
The effect of varying the separation of the lenses of the camera is 
to present the object as if it were seen from various distances. Thus 
it may appear the size of a match box a few inches from the observer, 
or with less lens separation as an object the size of a large book at 
ten feet away, or with very little separation as a suitcase at fifty feet. 
The assumption that a desirable viewing distance is 10 inches is entirely 
arbitrary. In microscopic objects of some depth this near viewing 
point, and the separation of lens necessary to attain it, may introduce 
considerable distortion, and, especially in projected transparencies 
the objects often appear unreal. The image created may be compared 
to an enlarged model and it is often better to view this as if it were a 
large object at some distance rather than a smaller object closer at 
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hand. For almost all small objects suitable for stereoscopic pictures 
the separation obtained by rotating the lens system through three 
or five degrees is sufficient to give adequate stereoscopic relief. Often 
even less will be sufficient and more will only occasionally be useful 
and then only for flattened objects or thin sections. If objects are 
to be compared the separation must be the same and it is probably 
better to employ only a few variations in viewpoint. 

For objects about natural size on the film and for objects, such 
as pathological specimens, photographed at less than ten feet the 
separation should really depend on the depth of the field it is desired 
to render stereoscopically. Formulae, such as those given by Judge, 
can be used, and must often also be corrected for a difference in the 
focal lengths of projector and taking lenses. It is probably more 
convenient to employ only a few object-to-camera distances and to 
standardise the lens separation. At this distance distortion can 
easily be introduced and unfamiliar objects may be incorrectly inter- 
pretated in the absence of a far distance plane of reference such as is 
usually present in orthosteroscopic pictures. 

Summary 

A method is described for taking stereoscopic pictures of small 
objects in colour and for projecting these so that they retain 
their three-dimensional appearance. Controlled camera movement is 
obtained by mounting the camera with its lens system on swivelling 
and plain vertical milling slides of a lathe and the object itself is not 
moved. Projection employs two projectors with polariser screens and 
polarised viewing spectacles. 

A grant from the Medical Research Council has made this work possible. 
Assistance has also been obtained from a grant from the Northern Ireland 
Hospitals Authority for Foetal and Neonatal Research. Mr D. McC. Mehaffey 
advised on the use of lathe parts and machined the other components. Assistance 
from Messrs Polarizers (U.K.) Ltd. and Myford Engineering Company is 
acknowledged. 
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OBSERVATIONS ON COLUMBIA SK VIRUS 

G. M. Findlay and E. M. Howard 

Pharmacological Laboratory , School of Pharmacy, 

Bloomsbury Square, London 

(Plates LXXV and LXXVI) 

Columbia SK virus was first isolated by Jungeblut, Feiner, and 
Sanders (1942a) during experiments in rodents with the SK polio¬ 
myelitis virus, a strain of poliomyelitis virus which appears to belong 
to the Lansing group since it has been adapted to cotton rats and mice. 
Columbia SK virus is pathogenic for cotton rats, mice, golden hamsters 
Mesocricetus auratus , guinea-pigs (Jungeblut, Sanders and Feiner, 
19426) and for monkeys (Verlinde et al. t 1950). 

TIiere is now considerable evidence to show that Columbia SK is one of a 
number of viruses which together make up the encephalomyocarditis group. 
The other members of this group are the MM virus, the Mengo encephalomyelitis 
virus, and the EMC virus. The MM virus was isolated by Jungeblut and DaHdorf 
(1943) from the brain of a golden hamster which died 19 days after inoculation 
with material from the medulla and cord of a patient with poliomyelitis. The 
original human material was not pathogenic for cotton rats, mice or guinea-pigs, 
but after passage through the hamster tho virus recovered was pathogenic for 
rodents. Schatz and Plager (1948) found that SIv Columbia virus and JIM 
virus cross-immunised, a result confirmed by Powell and Jamieson (1948) who 
also showed that both viruses could be propagated in the developing chick 
embryo. 

The EMC virus, which produces myocarditis and encephalomyelitis in 
mice, was isolated by Helwig and Schmidt (1946) by the intracerebral inoculation 
of pleural fluid and spleen from a chimpanzee which had died with symptoms 
of bilateral hydrothorax, pulmonary cedema, pericardial offusion, and myo¬ 
carditis. Warren and Smodel (1946, 1948), and Smadel and Warren (1947), 
as a result of studies on the serological, pathological, and physical properties 
of EMC virus, believed that it was closely related immunologically to the JIM 
and Columbia SK viruses. In the sera of American soldiers who, while stationed 
in the Philippine Islands, had suffered from a short febrile illness in 1945 
and 1946, Smadel and Warren demonstrated immune bodies against the 
EMC virus. Schmidt (1948) described myocardial changes in rodents inoculated 
with the EMC virus: interstitial infiltration of the interalveolar septa and, 
in a small proportion of animals, bronchopneumonia were also noted. 

In Uganda, Dick, Smithbum, and Haddow (1948) isolated from a paralysed 
monkey the Mengo encephalomyelitis virus which is pathogenic for man, rhesus 
and cynomolgus monkeys, mice, and guinea-pigs. The virus is transmissible 
by certain mosquitoes such as Taeniorhynchxis sp. (Dick et al., 1948 ; Dick, 1948). 
Observations by Dick (1949) and Warren, Smadel, and Russ (1949) show that 
Mengo encephalomyelitis, encephalomyocarditis (EMC), Columbia SK, and JIM 
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viruses are very closely related serologically, in their pathogenicity and in 
their experimental host range. On the other hand, no immunological relationship 
was found between the encephalomyocarditis group of viruses and either 
poliomyelitis virus or spontaneous mouse encephalomyelitis viruses. 


The barge oe host susceptibility to Columbia SK virus 

The following observations were made during the course of experi¬ 
ments carried out to determine whether certain animals would he 
suitable for interference experiments between the Lansing strain of 
poliomyelitis virus and Columbia SIC virus. 

The susceptibility of hedgehogs 

The European hedgehog Erinaceus europaeus L. is known to be 
readily susceptible to yellow fever and to foot-and-mouth disease. 
Its susceptibility to Columbia SIC virus was tested by intramuscular, 
subcutaneous, and intracerebral inoculation, by intranasal instillation 
and bj r rubbing the virus on to the intact skin of the abdomen. The 
inoculum was either a 1 in 100 suspension of infected mouse brain 
or blood. From table I it will be seen that Columbia SIC virus was 
pathogenic when inoculated by all these routes. 


Table I 

Infection of hedgehogs with Columbia SK virus 


Animal no. 

Route of inoculation 

Inoculum 

Xo. of days from 
inoculation till death 

I 

Intramuscular 

0-5 ml. (1 in 100) 

3 

2 


0-5 „ „ 

4 

3 


0-5 „ „ 

4 

4 

Subcutaneous 


2 

5 


0-5 „ (1 in 100 brain) 

2 

6 

Intranasal 

0-5 „ „ 

3 

7 

Intracerebral 

0-1 „ 

3 

8 


0-1 „ 

4 

9 

Unbroken skin 

0-2 „ mouse blood 

7 

10 

»» 

0*2 ,, ff 

6 


All the hedgehogs developed tremor and weakness, especially in 
the hind legs, and failed to roll up when touched. Most of the animals 
were killed when moribund and blood and saline suspensions of brain, 
liver, and kidneys were inoculated intraperitoneally into mice. Virus 
was present in blood, brain and other organs of the hedgehogs as 
shown by the death of the inoculated mice in two to three days. In 
many hedgehogs when moribund the bladder was greatly distended, 
but virus was not found either in urine or in stools by the inoculation 
of mice. Virus from hedgehogs transmitted to mice was neutralised 
by an antiserum prepared in the rabbit against Columbia SK virus. 
In addition, the virus after transmission through hedgehogs was 
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Columbia SK virus 


Plate LXXV 



Fig. 1 . —Mid-brain of hedge¬ 
hog, infected with Columbia 
SK virus, with areas of 
diffuse infiltrationandneuro- 
nophagin. Hiematoxylin 
and eosin. X 150. 


Fig. 2.—Mid-brain of hedge¬ 
hog, infected with Columbia 
SK virus, showing neuro- 
nophngia, degeneration of 
neurones and early peri¬ 
vascular changes. H. and E. 
X 650. 
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Fig. 3. —Medulla of mouse 
infected with Columbia SK 
virus showing similar changes 
to those in hedgehog brnm. 
H. and E. X400. 
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Columbia SIv vitros 



Fio 4 —Heart muscle of 
hedgehog infected with 
Columbia SK \ irus showing 
acute nnocard it is H and 

E X250 


Fio 5 —Long of hedgehog 
infected with Columbia 
SK \ irus showing conges 
tion nnd infiltration of the 
nl\ eolar w nils H nnd E 
X 150 




Fig G —Cervical cord of 
o dai old cluck infected 
with Columbia SK aims 
showing diffuse and 
nodular infiltration H. 
and E X 400 
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neutralised in intraporitoneal tests in mice by an antiserum prepared 
in monkeys against the Mengo encephalomyelitis virus : 10,000 M.L.D. 
of virus were neutralised. On the other hand, this serum showed no 
neutralising action against Lansing poliomyelitis virus. The virus 
obtained from hedgehogs is thus presumably the Columbia SK virus 
and not an extraneous virus normally present in the European 
hedgehog. That the virus was not originally present in the hedgehogs 
employed is shown also by the fact that after inoculation of Lansing 
poliomyelitis virus intracerebrally into hedgehogs it was not possible 
to demonstrate Lansing or any other virus in the cord when the 
animals were lulled from 3 to 15 days later and 0-03 ml. of a 1 in 10 
saline suspension of cord was inoculated intracerebrally into mice ; 
nor could histological changes be found in the hedgehog cord. 

The pathological changes found in hedgehogs after inoculation 
with Columbia SIC virus are very similar to those produced in other 
species by this virus. At post-mortem examination the only macro¬ 
scopic change was areas of congestion in the lungs in some animals. 
Histologically the main lesions wore present in the central nervous 
system and in the heart. In the brain and cord there was infiltration 
of the meninges and a slight degree of perivascular cuffing with 
lymphocytes and mononuclear cells. The most marked changes 
were seen in the mid-brain, medulla, and cervical cord. Degenerative 
changes were present in neurones, accompanied by intense neurono- 
phagia and an increase in small round cells (figs. 1 and 2). These 
changes were irregularly distributed through the grey matter, giving 
rise to scattered foci of degeneration and infiltration, not unlike 
those found in the guinea-pig brain in louse-borne typhus. Very 
similar foci are found in the mid-brain and cord of mice infected 
with Columbia SK virus (fig. 3). No intranuclear inclusions were 
seen. 

Myocardial changes were found in those hedgehogs which lived 
four days or longer. Tho changes were very similar to those described 
by Schmidt in guinea-pigs and by Verlinde et al. in the cyno- 
molgus monkey. In the heart muscle and epicardium there was 
considerable lymphocytic infiltration, more intense in some areas 
than in others. In the more marked areas of infiltration the muscle 
fibres stained more intensely with eosin and in places the fibres were 
breaking up (fig. 4). 

In the lungs there was congestion of the blood vessels, the inter¬ 
alveolar septa showed considerable infiltration with round cells and 
in some areas the alveolar spaces were dilated. The bronchi were 
free from exudate (fig. 5). 

In those hedgehogs which lived four or more days, the liver showed 
scattered areas of round-cell infiltration with prominence of the 
Kupffer cells : early necrotic changes were present in some of tho 
parenchymatous lesions. The other organs appeared normal. 
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Hedgehog fleas and Columbia SK virus 

As the hedgehogs were heavily infested with fleas an attempt was 
made to see whether these fleas could carry Columbia SK virus. 
The fleas, kindly identified for us by Dr Karl Jordan, F.R.S., as 
Archaeopsylla erinacei Bouche 1935, were collected from a hedgehog 
showing symptoms of illness 4 days after intramuscular infection of 
virus. The fleas were killed with ether, washed twice and ground up 
in sterile saline to form a 1 in 20 suspension. Tins suspension was 
inoculated intraperitoneally in 0J ml. doses into mice. The mice 
died in from 2 to 7 days with symptoms and histological changes in 
the brain similar to those produced with Columbia SK virus. After 
further passages in mice the flea-transmitted virus was neutralised 
by a Columbia SK antiserum prepared in the rabbit. Although 
Columbia SK virus is capable of being taken up from the blood of 
hedgehogs by the flea A. erinacei, it is apparently not transmitted by 
the bite of these fleas. Infected fleas from a hedgehog dying from 
Columbia SK infection were placed on a normal hedgehog which 
lived without showing any signs of infection for 21 days : it was 
then inoculated subcutaneously with mouse-brain suspension infected 
with Columbia SK virus and died in 3 days. When infected hedgehog 
fleas were crushed and then rubbed on to the abdominal skin of a 
hedgehog, death occurred in 7 days, the virus being present in the 
blood and brain. 

The susceptibility of voles 

In addition to hamsters, cotton rats, guinea-pigs, and mice, the 
dormouse Myoxus glis, when inoculated intracerebrally with Columbia 
SK virus, has been shown by Sanz Ibanez (1946) to die in from 3 to 
8 days with paralysis. Orkney voles, Microtus orcadensis, were 


Table II 

The injectivity of Columbia SK virus for the Orkney vole, 
Microtus orcadensis 


Route of inoculation 

Inoculum 

Xo. of days from 
inoculation to 
death 

Intracerebral 

0-03 ml. 1 in 100 mouse-brain suspension 

2, 2, 2, 3 

Intramuscular 

0-1 „ „ „ » 

2 , 3 

Intraperitoneal . 

0*1 jy »> » * y 

2, 2, 2, 

Intranasal . 

0-02 ,, tt ft 

3, 3, 4 

In food 

0*1 ff it tt ** 

(added to raashed carrots) 

2, 2 

Placed on normal skin . 

0-1 ml. 1 in 100 mouse-brain suspension 

3, 4 


inoculated intracerebrally and intramuscularly with a suspension of 
mouse brain infected with Columbia SK virus. The virus was instilled 
intranasally, given in the food, and placed on the normal skin of the 
abdomen. The results are shown in table II. 
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Blood and brain from voles were inoculated into mice intracerebrally, 
intraperitoneally, and intranasally. Mice died after intracerebral 
inoculation of 0-03 ml. of a 1 in 100 vole-brain suspension in 2 days, 
after intraperitoneal inoculation of 0-1 ml. of the same suspension in 
2 to 4 days, and after intranasal instillation in from 5 to 10 days. 
The mice dying in 8 and 10 days showed paralysis of the hind logs. 
The heart bloods of voles were bactcriologically sterilo, as wero the 
bloods of mice dying after inoculation with vole material. The virus, 
after transmission through voles, was neutralised by a Columbia SIC 
rabbit antiserum. An attompt to transmit Lansing poliomyelitis 
virus to voles failed to produce any paralysis. The Lansing virus 
could not be recovered from the brain or cord more than 9G hours 
after intracerebral injection. 

The susceptibility of albino rats 

In view of the possibility that the wild rat may form a reservoir 
for Columbia SIC vims, an attompt was made to determino tho length 
of survival of the virus in the rat. Jungoblut and Sanders (1940) 
had shown that virus could be detected in tho brain, cord and liver 
of a rat 90 hours after intracerebral inoculation. In the present series 
of experiments, young albino rats weighing about 80 g. wero inoculated 
intracerebrally with 0-05 ml. of a 1 in 100 suspension in saline of 
mouse brain infected with Columbia SIC virus. Rats were killed 
after intervals of 24 hours, 3, 5, 7, 9, 13, 20 and 27 days; from the 
brains 1 in 100 suspensions in saline were prepared; 0-2 ml. was 
inoculated intraperitoneally into mice. The results aro shown in the 
table. 

Table XU 


Intraperitoneal inoculation of mice with rat-brain suspension to 
demonstrate survival of Columbia SK virus 


Interval from Inoculation of rats 
to death (days) 

Deatlia of mice inoculated with rat- 
brain suspension (tlnja) 

3 

4, 4, 0, 0 

5 

4, 6, 6, G 

7 

G, 7, 8, 8 

9 

G, 8, 8, 12 

13 

15, 15, S, S 

20 

S, S, S, S 

27 

S, S, S, S 


S = Survival 


The results show that Columbia SIC virus can survive for 13 but 
not 20 days in the brains of rats following intracerebral inoculation. 

When rats were similarly inoculated intracerebrally with mouse 
cord infected with Lansing poliomyelitis virus, tho virus could not 
be demonstrated for more than 48 hours. 
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Injectivity for chickens 

Columbia SK virus can be readily propagated in the developing 
hen’s egg (Enright and Schultz, 1948), when the embryos are from 
5 to 14 days old but not when they are more than 15 days old. 
Attempts have been made to adapt MM virus to chickens of various 
ages without success (Brutsaert ei al., 1946 ; Schultz and White, 
1948). In the present experiments 2-day-old chicks were inoculated 
intracerebrally with 0-03 ml. of a 1 in 100 suspension in saline of 
mouse brain infected with Columbia SK virus. The infected chicks 
appeared normal but virus was present in the brain and cord for 
72 hours after inoculation and, on histological examination of the 
cord, focal lesions, consisting of small nodules of infiltrating cells, 
were found in the grey matter. These nodules (fig. 6) were very similar 
to those seen in mice. When chickens were similarly inoculated 
with Lansing poliomyelitis virus no lesions could be seen as a result of 
the action of the virus. 

Pigeons also were inoculated intraperitoneally with 0T ml. of a 
1 in 100 suspension of mouse brain infected with Columbia SK virus. 
Pigeons killed 72 and 120 hours later failed to show virus in the blood 
or brain when these tissues were inoculated intraperitoneally into 
mice. 


Experiments on survival in cockroaches 

The possibility that cockroaches may play some part in trans¬ 
mitting Columbia SK virus was studied. Hurlbut (1950) found that 
when Lansing virus was inoculated into the hsematocele of the large¬ 
winged American cockroach Periplaneta americana and the whole 
cockroach was then triturated and injected into mice, the poliomyelitis 
virus survived for 15 days. Virus was not present in the faeces or in 
the eggs. Syverton and Fischer (1950) showed that, when P. americana 
was fed with 0-2 ml. of 10 per cent, mouse-brain suspension infected 
with spontaneous mouse-encephalomyelitis virus (Theiler), the virus 
could be recovered from the faeces from the first to the sixth day. 

Experiments were carried out with Columbia SK virus and 
Blattella germanica and P. americana. The former were obtained 
from the Midlands, the latter from the forest region of tropical Africa, 
through the kindness of Dr O. Ampofo, Mampong Akwapim, Gold 
Coast. A 10 per cent, suspension of mouse brain infected with 
Columbia SK virus was injected into the lisematocele sac of both 
species of cockroach, 0-1 ml. in the case of B. germanica and 0-2 ml. 
in the case of P. americana. Cockroaches were killed after 72 horns 
and 120 hours. The legs and wings having been removed the bodies 
were triturated in physiological saline containing 500 units penicillin 
and 100 /xg. streptomycin per ml., centrifuged at 700 r.p.m. for 
10 min utes and the supernatant inoculated in a dose of 0-1 ml. intra¬ 
peritoneally into mice. Virus was detectable 72 or 120 hours after 



COLUMBIA SK VIRUS 441 

inoculation in tlio bodies of P. amcricana but not in tlioso of B. 
gcrmanica. 

Feeding experiments also were undertaken. A 10 per cent, saline 
suspension of mouse brain infected with Columbia SK virus was 
thoroughly mixed with bran and put in a small glass feeding-dish 
into tho cage containing tho cockroaches. Twenty-four hours lator 
the cockroaches were romoved and put into a clean cage. Their 
feces were ground up, suspended in hroth, and a Seitz filtrate of the 
suspension injected intraperitoneally into mice. Virus was present 
in the feces of P. americana but not of B. gcrmanica up to 8 days 
after the original feed, the longest period tested. It seems probable, 
therefore, that it was being excreted in tho feces. However, there 
exists another possibility; the bodies of tho cockroaches, during their 
original period of feeding, may have become contaminated with 
Columbia SK virus ; this virus may then have indirectly contaminated 
the feces. Further experiments are boing undertaken to determine 
how far such contamination is possible. 

Discussion 

The observations here recorded show that Columbia SIC virus has 
a wido range of infectivity; what, to adapt a term from antibiotic 
chemotherapy, may be referred to as its “ infectivity spectrum ” 
includes cynomolgus monkeys, hedgehogs, cotton rats, mice, hamsters, 
guinea-pigs, the field volo, dormouse, and chickens. On the other 
hand, tho Lansing strain of poliomyelitis virus has a narrower infectivity 
spectrum, restricted to monkeys, cotton rats and mice. There are 
also certain differences in the pathological changes produced especially 
in tho type of nerve lesion ; for the Columbia SIC virus, although it 
attacks the anterior horn cells in tho cord, produces very diffuse 
lesions. Both Columbia SK and tho Lansing poliomyelitis virus can 
attack the heart muscle, though this tendency appears to be more 
pronounced with Columbia SK than with the Lansing virus. 

Additional evidence to show the inter-relationship of tho Columbia 
SK virus to Mengo encephalomyelitis virus is the fact that a Mengo 
encephalomyelitis antiserum neutralises Columbia SK virus after 
passage through hedgehogs whereas a Lansing antiserum has no 
such action. 

SUMMABY 

1. Columbia SK virus produced a fatal infection of the hedgehog 
Erinaceus mropacus when inoculated by a variety of routes. 

2. The virus was present in the blood and organs of hedgehogs 
but not in the urine or feces. 

3. The hedgehog flea Archaeopsylla erinacci took up Columbia 
SK virus from the blood of the hedgehog but did not transmit infection 
by its bite. When the flea was crushed and rubbed on the intact skin. 
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infection resulted. The virus did not survive in the cockroach Blattella 
germanica but did survive in the bodies of Periplaneta americana 
for at least 120 hours after injection, and possibly in the feces for as 
long as 8 days after feeding. 

4. Columbia SK virus was infective for the Orkney vole, Microtus 
orcadensis. Lansing poliomyelitis virus was not infective for this 
species by intracerebral or by other routes of injection. 

5. Columbia SK virus after intracerebral injection produced an 
inapparent infection in the white rat. The virus was recovered from 
the brain after 13 but not after 20 days. No lesions were found in the 
central nervous system. 

6. Columbia SK virus produced lesions in the cord of the 5-day 
chick but not in the cord of the pigeon. 

7. Mengo encephalomyelitis immune serum neutralised Columbia 
SK virus after passage through the hedgehog. 


Our thanks are due to Dr C. H. Andrewes, F.R.S., for the strain of Columbia 
SK virus, to Dr G. W. A. Dick for the Mengo encephalomyelitis immune serum, 
and to Professor G. A. H. Buttle, in whose laboratory these investigations were 
carried out. We also owe a debt of gratitude to Dr L. P. Clarke and his 
technicians for preparing the sections and to Mr F. Grigg for taking the 
photomicrographs. One of us (G. M. F.) is in receipt of a grant from the Medical 
Research Council. 
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OBSERVATIONS ON THE RELATIONSHIP OF 
SYMBIOTIC AND LYTIC BACTERIOPHAGE 

J S IC Boyd 

rrotn the Wellcome Laboratories of Tropical Medicine, London 

' (Plate LXXVII) 

Symbiotic bacteriophage is presont in ovory organism of an infected 
culture, and normally multiplies m unison with the host bacterium 
without causing apparent damage or bringing about lysis A limited 
number of free particles of active lytic phage are, however, to be 
found m association with such cultures and it is these which have 
given rise to the designation “ lysogenic Lwoff and Gutmann (1950) 
have shown by an ingenious technique that these free particles take 
origin from a few bacteria in the cultnro in which tho balance between 
phage and bacteria is disturbed In these tho normally inactive 
symbiotic phago assumes a lytio character and, having multiplied, 
brings about the disintegration of its bacterial host with an accom¬ 
panying liberation of active particles into tho surrounding medium. 
These free particles can bo detected by their action on a sensitive 
strain of the same species of organism which serves in this respect 
as an “ indicator ” 

It has been found (Boyd, 1950) that in tho case of certain symbiotic 
phages of Salmonella typhi-munum, tho free particles of phage which 
are present m infected bacterial cultures are capable of producing m 
organisms of the indicator stram oithor (a) a permanent symbiotic 
infection similar to that of tho culture from which the particles were 
derived, or ( b ) a lytic cycle of development with the production of 
large quantities of free particles Little is known of tho conditions 
which determine whether infection shall be symbiotic or lytic in 
nature, although it has been suggested that resistance of the bacterium 
plays a part by arresting the development of the phago (Lwoff and 
Gutmann) During an investigation of the growth curves of cultures 
infected with a phage of this land a very curious phenomenon was 
observed which ultimately throw light on tins problem and at the 
same time ga\ e evidence of a typo of variation hitherto undeseribed 
in phage. 

This paper gives an acoount of the phenomenon and of the various 
experiments \i hick led to its elucidation, and discusses the conclusions 
which can be drawn tkorefrom. 

4« 2 p 
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Materials and methods 

Materials and methods are as detailed in a previous paper (Boyd). 
The indicator strains were S. typhi-murium 1404 and 1411; the 
phages were those of the A group, Al being used as a routine and the 
others for confirmation. 

The phage concentrates used in the experiments were made in 
one of two ways—by inoculating a broth medium either with both 
the indicator strain and the phage-infected strain or, alternatively, 
with the indicator strain and a loopful of a previous batch of con¬ 
centrate. After overnight incubation the turbid cultures were cleared 
and freed from living bacteria by filtration through a Chamberland 
L3 filter, or by heating to 60° G. for 30 minutes and spinning. An 
accurate count of the number of phage particles was then made. 
By both methods a clear “ lysate ” containing approximately 10 10 
phage particles per c.c. was obtained. 


Experimental findings 

Growth curves of S. typhi-murium when exposed to 
different concentrations of phage A 1 

For purposes of comparison the “ normal 55 growth curves of 
S. typhi-murium in the presence of different concentrations of a 
permanently lytic phage—one of the “ O ” phages—must first be 
described. In the experiment selected, phage was added to a series 
of tubes of broth to give concentrations of particles per c.c. of 3 x 10 9 , 
3x10®, 3xl0 7 and 3 x10 s and to each tube was added sufficient 
of a thick suspension of S. typhi-murium 1404 (the indicator strain) 
to give 1 x 10® bacteria per c.c. The ratio of phage to bacteria was, 
therefore, 30 to 1, 3 to 1, 3 to 10 and 3 to 1000. A control containing 
only bacteria was added to the series and the tubes were incubated 
in a water bath at 37° C. Absorptiometer readings were taken before 
incubation and at half-hourly intervals thereafter. The results were 
plotted and are shown in fig. 1. 

In cultures where there are more phage particles than bacteria, 
lysis occurs without further bacterial multiplication. When the 
bacteria are more numerous than the phage particles, both multiply, 
the latter more rapidly than the former and lysis occurs when phage 
concentration overtakes bacterial concentration. In all cases a 
secondary growth of phage-resistant bacteria appears after about 
six hours’ incubation. These results are in conformity with 
expectations. 

When this experiment is repeated with a concentrate of phage Al 
prepared as described and an indicator strain of S. typhi-murium, 
the curves follow a very different course. 

No lysis is apparent when the quantities used are such that at the 
outset there are more phage particles than bacteria. The growth 
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Hours 

Fia 1 •—Growth curves of Salmonella typhumunum m tho presence of a lytio 
** 0 ” bacteriophage tf> = phago particles B — bacteria. 



Fio. 2.-—Growth curves of Salmonella typhi-murium in the presence of 
symbiotic bacteriophage Al. 





Plate LXXVII 


Figs. 3 to 6 show colonies of Salmonella typhi-murium which have, while growing, 
become contaminated with phage Al. All are x 4. 

Fig. 3.—Contaminated at an early stage in its growth. Shows characteristic radial 
markings. 

Fig. 4.—Colonies showing a small patch of central “ necrosis ” are contaminated at a 
slightly later stage than those showing only radial markings. 

Fig. 5. —Contaminated at a still later stage. Well-marked patch of central necrosis. 
Note that these colonies are smaller than the others—a constant feature whon 
these changes are present. 

Fig. 6.—Contaminated at a late stage. A blemish appears on the margin of the 
colony and spreads round the circumference. Subsequently the centre of the 
colony becomes semi-translucent (presumably duo to lysis) and the margin becomes 
overgrown with symbiotically infected organisms. 

Fig. 7.—Plaques produced by the phage particles present in the supernatant fluid 
of a spun culture of S. typhi-murium symbiotically infected with phage Al. Note 
the great variation in size. The central disc in the plaques consists of phage- 
infected resistant bacteria. 

Fig. 8.—Plaques produced by the phage particles present in a concentrate prepared 
from a culture in which phage Al has multiplied by the lytic cycle in the indicator 
strain of S. typlii-murium 1404. Note the cluster of large and mature plaques of 
uniform appearance and one small immature plaque. 
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For the interpretation of thoso findings, the possible fate of tho 
normal bacteria deposited on the surface of tho phage-impregnated 
agar must bo considered. Ono of tlireo things may happen to each 
organism:— 

(a) It may alight on a portion of agar where it is not in immediate 
proximity to a‘ phage particle. On incubation it will multiply and form 
a colony. This may grow to full size without encountering phage, 
in which case it will bo normal in appearance. Alternatively, it may, 
as it grows, come in contact with a particle, when phage action will 
spread through tho colony, producing characteristic changes. It is 
proposed to designate such colonies “ phage-contaminated ” to 
distinguish thorn from the normal-looking colonies formed by the 
growth of a single symbiotically infected organism which will be 
referred to as “ phago-infcctcd ” colonics. 

Tho changes found in phage-contaminated colonies are illustrated 
in figs. 3 to G. Tho different appearances aro closely related to the 
stago of development of tho colony when it comes in contact with tho 
phago particle. If this takes place early, tho 24-hour colony shows 
only radial markings seen in figs. 3 and 4. When invasion takes 
place at a later stage a small area of central " necrosis ” is seen, as 
in figs. 4 and 5. Such colonics tend to be smaller than any of the 
others. When the colony encounters the phage at a late stage in its 
development, a marginal blemish appears which spreads round tho 
circumferenco and finally gives tho characteristic appearances seen 
in fig, G. It is significant that if organisms taken direct from these 
different colonies aro suspended in saline, diluted, and plated on agar 
so as to give discrete colonies, only symbiotically infected colonies 
develop from the first two types, whereas from the third type there 
is a mixture of contaminated and infected colonies. 

(6) The organism may come directly in contact with a phage 
particle and be infeoted in such a way that tho lytic cycle of develop¬ 
ment is initiated. In this case it will be destroyed and no colony 
will develop. 

(c) It may come diroctly in contact with a particle which enters 
into symbiosis with it. It will then develop into a colony which is 
normal in appearance but is formed of phage-infected bacteria. 

When tho figures in table I aro examined in the light of these 
considerations, the following conclusions can be drawn. At a concentra¬ 
tion of 10 2 particles per c.c. the phage has failed to reach any of the 
colonies and all are normal, while at 10 3 it has contaminated about 
half. At concentrations of 10 4 , 10 6 and 10 6 all visible colonies have 
been contaminated and at 10° some lysis has taken place. It is 
remarkable that in tho majority of colonies exposed to the 10° 
concentrations, the markings were of the radial typo (figs. 3 and 4), 
while in the 10 6 concentration they wore of the small central type 
(figs. 4 and 5) and in 10 4 of the largo central type (fig. 6). 

In the 10 7 to 10 8 concentrations a few contaminated colonies are 
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present and presumably indicate that the mixing of phage through 
the medium has not been uniform. The majority of the colonies are 
normal in appearance and are symbiotically infected. The striking 
feature is the decrease in the number of such colonies as the phage 
concentration falls. This decrease, by inference, must be balanced 
by an increase in lytic infections. If the average number of organisms 
deposited on each plate in this experiment is taken as 130, the fate 
of the bacteria against the four highest concentrations is as recorded 
in table II. 

Table II 


Fate of bacteria on phage-impregnated plates 


Concentration of phage particles . 

10“ 

10* 

10’ 

10" 

Symbiotically infected .... 

S7 

42 

33 

0 

Lysed or phage-contaminated 

43 

88 

97 

130 


Note .—The figures in the bottom row are based on the assumption that each plate 
was inoculated with an average of 130 organisms. 


The development of symbiotic infection is thus greatest when the 
organism is exposed to high concentrations of phage and is of a low 
order when the concentration is weak. 


Development of symbiotic infection in broth cultures 

To confirm that the same type of action takes place in a fluid 
medium, a set of tubes was prepared similar to that used in investigat¬ 
ing the growth curves. A standard number of organisms was added 
to decreasing decimal dilutions of phage in broth, the tubes were 
incubated for 30 minutes to allow fixation to take place, and then 
cooled in ice to arrest development "while the various dilutions were 
prepared. Each culture was diluted to 10 -6 so that approximately 
100 organisms were present per c.c., and 0*5 c.c. of this was plated 
on agar and incubated to determine the condition of the organisms. 
At the same time the number of “ infective centres ” in each culture 
was estimated. Infective centres are counted by the same technique 
as is used for counting free phage particles. Each infective centre 
arises from either a free phage particle or from a bacterium to which 
phage particles have become adsorbed. Only one infective centre 
can take origin from a bacterium, irrespective of the number of phage 
particles that have invaded or have become attached to it. Here 
again, many experiments have given similar results. A typical set of 
figures is shown in table III. 

In the higher phage concentrations there is a reduction in the 
number of colonies and it may be assumed that the others have failed 
to develop because of lytic infection of the parent organism. In a 
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decreasing ratio, corresponding with tho phage concentration, a 
proportion of the colonies aro phage-infected. In the lower con¬ 
centrations thoro are insufficient phage particles to ensure a significant 

Table HI 

Relationship of bacteriophage concentration to the 
development of symbiosis 


Salmonella typhi-murium and bacteriophage A\ 


Phage particles per c.c. 
Ratio of phngo particles 
to bacteria 

1-5x10* 

15/1 

1-5x10* 

1-5/1 

1-5X10’ 

1-5/10 

1-5x10* 

1-5/100 

1-5x10* 

1-6/1000 

Nil 

0/t 

Colony count 

mm 


41 

30 

45 

58 

Phngo-freo colonies 

R 

14 

40 




PhngC'Contaminnted 

colonies 

0 

3 

1 




Symbiotically infected 

colonies 

27 

5 

0 

... 



Infective centres . 

1-7x10* 

4-7x10’ 

1-2x10’ 

1-5X10* 

1-5x10* 



number of contacts between bacteria and phage. In parallel with 
phage infection there is a reduction in tho number of infective centres, 
indicating that in some cases several phage particles have become 
adsorbed on to one bacterium. 

These results are very similar to those given by the experiment 
with phage-impregnated agar and confirm tho observation that 
significant numbers of symbiotic infections occur only where the 
bacteria are exposed to tho action of relatively high concentrations 
of phage. 

Differences in plaque characters in symbiotic and 
lytic cultures 

When an overnight broth culture of symbiotically infected organisms 
is heated to GO 0 C. for 30 minutes and then spun, the supernatant 
contains a low concentration of phage particles which can he detected 
by spreading a drop on an agar plate previously sown with the indicator 
strain. Tho plaques which dovelop after incubation vary greatly in 
size and hence in stage of development. A number aro mature, others 
are pin-point size and, between these extremes, all gradations occur. 
This finding is constant. Fig. 7 is from a plate prepared in this way. 

In contrast to this, the plaques formed by the concentrate used 
in studying the growth curves and other experiments are very uniform 
in size and appearance. Nevertheless, when a plate is prepared in 
such a way as to show a large number of discrete plaques, a few are 
found to be of the small type. In one experiment, where a count was 
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made, there were approximately 550 mature plaques, 10 small ones 
and some intermediate size ones, difficult to assess. There were, in 
all, from 5 to 10 per cent, of immature plaques. Fig. 8 is selected 
from a heavily infected plate to show the general uniformity in size, 
and one small plaque. 

The significance of these findings will be discussed in due course. 

Discussion 

The results of these experiments furnish an explanation of the 
paradoxical growth curves in figs. 1 and 2. Whereas in the experiment 
with lytic 0 phage an increased concentration leads to earlier lysis, 
in the other it brings about a higher incidence of symbiotic infection. 
Organisms symbiotically infected are not destroyed and are resistant 
to further phage action. They multiply in normal fashion and thus 
give a steady increase in culture opacity. In fig. 2 the lag between the 
curve of the control and that of the highest phage concentration 
results from the lytic infection and subsequent disappearance of more 
than half the original inoculum of bacteria. In the lower concentra¬ 
tions of phage the curves show the effect of less symbiotic and greater 
lytic infection. Many bacteria are at first uninfected and so multiply 
until overtaken by the rapidly propagating lytic phage. It is note¬ 
worthy that in the case of A phage (fig. 2) the secondary growth appears 
at an earlier stage than it does in the case of 0 phage (fig. 1). This 
is because even in the lowest phage concentrations the symbiotically 
infected organisms in the one greatly outnumber the resistant variants 
in the other. 

These findings dispose of one problem only to pose another. Why 
are symbiotic infections commoner when bacteria are exposed to a 
high concentration of A phage particles ? There appear to be two 
possible explanations. 

The first is that symbiosis occurs when a bacterium is invaded by 
more than one particle of phage. It can be seen from table III that, 
in high concentrations of phage, multiple adsorption occurs but this 
does not necessarily imply multiple penetration. It is difficult to 
understand why the presence of more than one particle should lead 
to symbiosis nor can any precedent or'analogous occurrence be recalled. 
In the absence of any positive evidence this theory must be regarded 
as improbable. 

The second is that the particles produced during the lytic cycle 
of development are of two kinds, one a lytic particle capable of 
reproducing only the lytic cycle of development, the other a symbiotic 
particle endowed ■with the attributes necessary for establishing 
symbiosis. To fit in with the findings recorded, it is necessary to 
postulate that the lytic particles are much more numerous than the 
symbiotic ones and that the symbiotic particles are dominant and 
can establish themselves in the host organism to the exclusion of the 
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lytic ones. Givon such conditions, it can bo seen that in a high 
concentration of phage, ontailing a proportionate if lower concentration 
of symbiotic particles, a sufficient number of the latter will bo present 
to infect a significant number of bacteria. In low concentrations of 
pliago the symbiotic particles will bo too few to have any appreciable 
offoct and tho picture will consequently be one of development by 
the lytic cycle, with tho build-up of symbiotic particles revoaling 
itself in the early onset of secondary growth. 

Evidence of the existence of two types of particle is furnished 
by tho experiments illustrated in figs. 7 and 8. Tho great majority 
of tho plaques arising from particles produced by the lytio cycle of 
development (fig. 8) aro large and uniform in size and appearance, 
though a fow aro small. It is justifiable to assumo that tho large 
plaques result from the immediate action of a lytic particle on the 
organisms of tho indicator strain with which tho plate is sown. In 
contrast, plaques produced by tho particles present in tho supernatant 
fluid of a spun culturo of symbiotieally infected organisms (fig. 7) 
occur in all stages of development. Of these tho maturo plaques 
no doubt spring directly from lytic particles. The smaller and younger 
plaques could well be explained as a later development from symbiotic 
particles which would, to begin with, produce symbiotic infection 
of tho indicator organisms. In multiplying, these would, after a 
varying number of divisions, produce lytic variants just as they do 
in broth cultures, and such lytic partielhs, on meeting tho adjoining 
normal and sensitive organisms, would give rise to plaques whose 
stage of development would depend on tho timo which had elapsed 
before the lytio particle was thrown off. 

If then, the large uniform plaques are from lytic particles and tho 
smaller ones from symbiotic particles, it would appear that, in the 
sporadic lysis which occurs during the growth of a symbiotieally 
infected culture, symbiotic and lytic particles are produced in about 
equal numbers. Conversely, in the mass lytic multiplication occurring 
in the indicator strain, lytic particles outnumber symbiotic by about 
20 to 1. The picture thus revealed is that of a two-way or diphasic 
variation, lytic particles being produced as mutants by the symbiotic 
phase and symbiotic mutants emerging during the lytic cycle of 
development. 

This concept of two cycles of development is in general agreement 
with that of Lwoff and Gutmann, but these workers explain their 
findings in a different way. They postulate only one type of particle 
but believe that some bacteria are sensitive to its action while others 
possess certain powers of resistance. When a phago particle penetrates 
one of the latter its development is arrested and it remains in an 
inactive or latent condition. They regard phage in this state as 
" probacteriophage ” and believe that it divides along with the 
infected bacteria. In certain circumstances this immature phago is 
“ reactivated ”, when it resumes development and produces dis- 
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integration of the host bacterium with the liberation of active particles. 
These may either give rise to lysis in susceptible organisms with 
which they come in contact or may establish themselves in a state of 
latency in those which are resistant. These observations were made 
on B. megatherium. 

As far as S. typhi-murium and phage A are concerned, the theory 
of bacterial resistance as a cause of “ lysogenicity ” is untenable. 
If this accounted for the development of symbiotic infection, then in 
a series of tests in which the same total number of bacteria is exposed 
to an adequate concentration of phage, the numbers which are either 
symbiotically infected and survive or lytically infected and destroyed, 
would be constant, irrespective of variations in the phage concentration. 
The figures in the tables show that this is not so. The numbers vary 
considerably, a high rate of symbiotic infection with a low rate of 
lytic infection being associated with a high phage concentration, and 
vice versa. There is nothing to suggest that bacterial resistance plays 
any part in producing symbiosis. 

The theory that latent or symbiotic phage is immature lytic phage, 
though it has won considerable acceptance, nevertheless presents 
certain difficulties. It receives support from the observation that 
active particles are not liberated when symbiotically infected bacteria 
are artificially disintegrated in different ways (Burnet and McKie, 
1929; Wollman and Wollman, 1936; Gratia, 1936). B-ecently, 
Lwoff, Siminovitch, and Kjeldgaard (1950) have induced mass lysis 
in a “ lysogenic ” culture by means of ultraviolet radiation, an 
observation which suggests that, under the influence of certain stimuli, 
development to maturity takes place. On the other hand, it is unusual 
for an immature body to multiply indefinitely, as must in this case 
occur when phage is to be found in every daughter cell taking origin 
from each infected organism. 

The alternative suggestion now put forward is that symbiotic 
phage is a mature entity, which in its intracellular form is intimately 
associated with its host and cannot be dissociated from it by artificial 
means. It is destroyed when the host bacterium is destroyed and by 
agents which are inactive against it when it is in the free state. Its 
normal form of multiplication is in harmony with that of the host. 
It is, however, fundamentally unstable and from time to time throws 
off variants which develop after the manner of lytic phages, leading to 
the disruption of the host bacterium and the liberation of both 
symbiotic and lytic particles, each capable of invading and developing 
in characteristic fashion in sensitive bacteria. The latter initiate 
lytic development but here too, the instability reveals itself in the 
emergence of a few variant symbiotic particles among the many 
lytic ones. 

To illustrate this diphasic variation the diagram devised by Lwoff 
and Gutmann for the cycles of development of phage derived from 
lysogenic B. megatherium has been modified and is reproduced in fig. 9. 
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Variation of a simpler kind has already been recorded (Boyd). 
Two phages of the B group, symbiotio in /S. typhi-murium, have been 
shown to produce permanently lytic variants, i.e. variants which 
show no tendency to revert to the symbiotic stato. One of these has 
all the characters (antigenic and otherwise) of a recognised 0 typo 
of Salmonella lytic phago. 

In much recent work there is a tendency to focus attention on the 
lytic cyclo of phage development and to regard the phenomenon of 
lysogenesis as a rather unimportant side-issue, probably duo to 


MtTLTXFLTOATIOIi OF FIIAQE A1 




GD 

r 


CEID 
\ 


CEE) 

I \ 1 

C*fD GDGD 

k y 

CED' 


— a 0 0 « • • • • 

\ ft 


Su&nann- 

Fio. 9.—Diagram to illustrate diphasic phago variation 
Modified from Lwoff and Gotmann (1950). 


“ association between exogenous virus and incompletely susceptible 
bacteria ” (Hershey and Bronfenbrenner, 1948). As far as S. typhi- 
murium and its associated phages are concerned, this is certainly a 
mistaken point of view and there is good reason to believe that it is 
equally so in relation to other bacteria and their phages. In fact, it is 
probable that symbiotio phago has an all-important role to play in 
maintaining continuity of existence among the lytic types. In 
experiments with cultures of bacteria and phage, in which there is 
an artificial concentration of both elements, the two are brought into 
such close proximity that adsorption and subsequent development 
occur freely. Under natural conditions, when bacteria and phage 
particles are relatively scanty, this is far from being the case, for the 
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distance which separates them may, in terms of their size, he enormous. 
In such circumstances the chances of a phage particle coming in 
contact with a potential host are limited and the likelihood of the 
phage maintaining itself in this way for any length of time is remote. 
Symbiotic phage, on the other hand, is firmly established in its host 
organism and has an assured life-span stretching to the death of the 
last bacterium of an infected strain. 

It has long been known that phages which are symbiotic in one 
strain may be lytic in another—this was first recorded by Lisbonne 
and Carrere in 1922. Symbiotic strains as now described, endowed 
with the capacity of throwing off variants, are perhaps a more important 
source of lytic types and one which is unlikely to become exhausted. 
It is safe to predict that in time most lytic phages, which are now 
regarded as distinct entities, will be traced back to their symbiotic 
parents and that then the classification of phage will be based on 
symbiotic types and not, as at present, on ephemeral lytic variants. 

If it be accepted that phages are in' fact bacterial viruses, and 
there are now few who do not agree with this, it is pertinent to ask 
if plant and animal viruses have a similar life-history, with a latent 
and innocuous intracellular phase corresponding to symbiotic phage, 
and an active and pathogenic variant which is the counterpart of 
lytic phage. Such a conception is in broad agreement witli facts 
already known regarding certain virus diseases and may, with wider 
application, provide a key to the solution of many obscure epidemio¬ 
logical problems. 


Summary and conclusions 

1. When Salmonella typhi-murium is cultured in liquid medium 
in the presence of a high concentration of particles derived from 
group A phages which are normally found living in symbiosis with it, 
there is a slight lag in the growth curve followed by a steady increase 
in opacity. No obvious lysis occurs. When a similar culture is made 
in the presence of a low concentration of the same phage, there is a 
period of growth followed by abrupt lysis. 

2. Experiments are described which show that this apparently 
paradoxical result arises from the fact that in the presence of a high 
concentration of A phage the majority of the bacteria become sym- 
biotically infected and multiply without undergoing lysis. In low 
concentration only a few are symbiotieally infected and phage 
development follows the lytic cycle. 

3. The symbiotic infection which occurs in high concentrations 
of phage is considered to be due to the presence of two types of particle 
in the phage lysate used in the experiment—one of these, predominant 
numerically, is lytic and the other, which is scanty, has symbiotic 
properties. 

4. It is concluded that phages of this type undergo a diphasic 
variation, the symbiotieally infected bacteria producing lytic particles 
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from time to time, •while symbiotic particles are produced during the 
lytic cycle of development. 

5. This is of much significance, both in relation to the life-history 
of bacteriophage and as a pointer to the possible existence of analogous 
processes in plant and animal viruses. 

My thanks are duo to Mr R. A. Allies and Mr D. E. Bidwell for technical 
assistance in carrying out these experiments. 
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(Salmonella schwartzcngnmd ) 

AN OUTBREAK OF SALMONELLA SCHWARTZEN- 
GRUND INFECTION IN POULTRY 

H. Williams Smith and A. Buxton 
Animal Health Trust, Houghton Orange, Huntingdonshire 

Salm. schicartzengrund (I, IV, XII, XXVII . . .; d-f—>-1, 7 . . .) 
was first isolated by Holm from a case of enteritis in a human subject 
(Kauffmann, 1944). No further reports on its isolation have been 
found in the literature. The following is an account of Salm. schwartzen- 
grand infection in poultry. 

Methods 

Material for examination was inoculated into selenite F medium (Loifson, 
1936), tho volume of medium depending on the naturo of the material under 
examination. Incubation was carried out at 37° C. for 18-24 hrs. and the 
culture then sown on to Hynes's (1942) modification of Loifson'a dosoxycholato- 
ertrate-agar with the addition of 1 per cent, sucrose and 1 per cent, sahcin as 
described by Homes, Elliot, and Tomlinson (1947). Tho plates were incubated 
at 37° C. for 48 hours. Non-fermenting colonies resembling those of Snlmoneltie 
were marked and tested for indole and urease production by the rapid tost 
desenbed by Smith and Chare (1949). Colonies negativo to this test were 
subcultured and submitted to a slide agglutination tost with polyvalont O 
and H antisera and, if necessary, with group-specific O and phase 1 and 2 
antisera obtained from the Medical Research Council’s Standards Laboratory, 
London. Organisms giving positive slide agglutination were submitted to a 
fuli tube test and their biochemical characteristics wero determined. 

The first three Salm. sclnoarlzengrund cultures isolated in this 
outbreak were identified by Dr Joan Taylor. In the meantime, specific 
absorbed antisera were prepared for this purpose and wero used for 
the identification of the remainder of tho cultures. 


Clinical Investigations 

Salm. sdiwartzengmnd was first isolated from the liver of a six- 
day-old chick that had died suddenly. Tins chick was part of a 
unit of 25 chicks, and several of these units wore kept in tho same 
brooder house. As these chicks were to be used for experiments, 
efforts were made immediately to traco the extent and source of the 
infection. The brooder house was vermin- and bird-proof and was 
maintained under extremely good hygienic conditions. Composite 
fieces samples were collected from beneath each unit and inoculated 
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into selenite medium. No Salmonelfe were isolated from any of these 
samples except those collected from the unit in which the chick had 
died. These contained Salm. schivartzengrund. In view of this, the 
remaining 24 chicks in that unit were killed and the intestinal contents 
of each was cultured. Surprisingly, all were negative for Salmonella}. 

It was considered possible that the chicks had been infected via 
the egg. Consequently, an examination was made of the adult hens, 
20 in all, from which the particular unit of chicks was derived. Ifecal 
specimens from the hens were all negative for Salmonella}, and later 
examination of individual sera from each hen did not reveal H or 0 
antibodies for Salm. schivartzengrund in any of them. The small 
amounts of fasces expressed from the vent during sexing of day-old 
chicks were collected over a period of three weeks and cultured. No 
Salmonella} were isolated from these specimens, which represented 
about 300 chicks ; this also suggested that infection via the egg was 
improbable. 

No further chicks were lost and it appeared that the death of the 
one chick was an isolated event. However, about 3 weeks later, 
unexpected losses occurred among groups of young chicks and turkey 
poults kept in two different animal houses as part of different experi¬ 
ments. Both houses were rat- and mouse-proof. The losses all 
occurred within a period of a few days and only occasionally with 
any signs of ill-health before death. Salm. schwartzengrund was isolated 
from the liver or faeces, or both, of 13 of the IS dead chicks and seven 
of the eight turkey poults. Faecal specimens were examined from 
young chicks and turkey poults kept in other units ; all were negative 
for Salmonelke. The infected units of turkey poults and chicks were 
supplied with food from the same bin and six samples of this dry 
mash were examined bacteriologically. Each sample consisted of 
about 2 oz. of dry mash. Two were found to contain Salm. schwartzen¬ 
grund. The food material was carefully searched and a caked portion 
with a central core resembling rat feces was tested and also found to 
contain Salm. schwartzengrund. The animal attendant mentioned 
that he had occasional!}' noted pellets of rat feces in the food. 

It now appeared that contaminated food was responsible for the 
outbreaks and that infected rats were probably the cause. The 
mash fed to the chicks consisted of a mixture of ingredients, some 
of which were grown on the premises and some of which were bought. 
An inspection of the granary revealed the presence of considerable 
amounts of rat and mouse feces on the floor where the ingredients of 
the food were mixed. Some of the home-grown food, such as oats, 
was found to contain rat feces. Specimens of the purchased food 
materials kept in sacks were cultured but none were shown to contain 
Salmonella}. These included maize, maize meal, palm-kernel meal, 
bone meal, fish meal and meat meal. Samples of the mixed mash were 
examined at intervals afterwards but no more were found to contain 
Salmonellae, showing that the contamination was sporadic. 
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A survey was now made to determine the extent of the infection 
on the premises with particular regard to wild rats and mice, which 
appeared to be the only animals, with the possible exception of 
sparrows, which might contaminate the homo-grown food supplies. 


Results of survey 

Rats. Salm. schwartzcngrund was isolated from the fracos of two of ten wild 
rats that had been, shot, and from three of 35 specimens of rat traces also collected 
around the promisos. No dead rats wero over discovered and the two rats with 
positive samples wore in excellent bodily condition suggesting that they were 
symptomless fracal excretors. 

Mice. Salm. sclnoartzengrund was recovered from the fraces of ono of 10 
house mice caught in a cottage on tho premises. 

Rooks. One of ten. rooks shot near tho premises was found to bo a fracal 
excreter of Salm . schwartzcngrund. 

Turkeys. Three of 40 adult turkeys were found to bo excreting Salm. 
schwartzengnind in their Traces. Rats had easy access to these turkeys. Of 
eggs laid by these turkeys, 40, wliich were either infertile or contained dead 
embryos, were shown not to contain Salmonella;. 

House-sparrows . The fraccs of 100 house-sparrows trapped on the premises 
wore found not to contain Satmonolke. 

Pigs. Of ton pigs ono was shown to bo excreting Salmonellra in the 
fraces. 

Cows. Fracal specimens taken from 20 cows on the farm were negative for 
Salmonellra. 

Horses. No Salmonellra wero isolated from the fraces of nine horses. 

Cats. Six cats were kept on tho premises. Rectal swabs from each of these 
cats did not contain Salmonella;. 

Ducks. Of ten ducks one was found to be a fracal excreter of Salmonellra. 

Chickens. Composite fracal samples representing about 400 young chickens 
were all negative for Salmonellra. 

Further clinical investigations 

No further losses were noted among tho poultry until two months 
had elapsed, when about 25 turkey poults, aged approximately four 
weeks, died during a period of aboOt seven days. Eight of these 
poults were examined post mortem. Salm. schwartzcngrund was 
cultured from the liver or fraces, or both, of five of them. These 
young turkeys were kept in an outdoor ark. Eleven arks containing 
young chickens, young ducks, and young turkeys were kept in the 
same area as the infected turkeys and had been fed from the same 
supply. None of the birds in these eleven arks was noted to be ill, 
and Salmonellra were not isolated from pooled specimens of fraces 
collected from beneath each of the arks. 

Since the infection rate of Salm. schwartzcngrund in rats on the 
premises was high it was decided to determine whether tho infection 
was present in rats in neighbouring districts. Consequently, with 
the co-operation of the County Pests Officer, 250 rats obtained from 
different districts in Huntingdonshire wero examined bacteriologically. 
The rats had been killed with various poisons. A sample of fraces from 
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each rat was cultured, and portions of the liver, spleen, and the 
mesenteric lymph glands from every five rats were pooled and cultured. 
Only one Salmonella culture was isolated—a culture of Salm. typhi- 
murium from the fasces of one of the rats. 

About six months after the last outbreak among the young turkeys, 
it was possible to examine bacteriologically 48 rats that had been 
killed on the premises with poison. The rats were examined in the same 
way as the 250 already described, and Salmonellse were not isolated 
from any of them. 

Post-mortem appearances 

No significant features were noted during post-mortem exa min ation 
of the chicks, the only abnormality being a diffuse inflammation 
of the small intestine with congestion of the associated blood-vessels. 
This feature was also present in the turkey poults together with 
lesions in the fiver similar to those commonly found in Salm. typhi- 
murium infection in the mouse. These lesions were small triangular 
areas of necrosis, the base of the triangle being on the periphery 
with the apex directed towards the centre of the fiver. 

Bacteriological findings 

All 50 strains of Salm. schwartzengrund that were isolated resembled 
each other in their morphological, cultural, and biochemical character¬ 
istics. The organisms possessed the typical properties of the genus 
Salmonella. They produced acid and gas in glucose, maltose, mannitol, 
dulcitol, sorbitol, xylose, rhamnose and arabinose within 24 hours 
at 37° C. Lactose, sucrose, saficin and inositol were not fermented 
in 21 days. The methyl-red test was positive, the Voges-Proskauer 
test was negative, indole was not formed and the citrate-utilisation 
test was positive. Gelatin was not liquefied, hydrogen sulphide was 

produced and urease was not formed. 

• 

Discussion 

The evidence supports the view that the infection of the young 
chicks and turkeys with Salm. schwartzengrund was caused by con¬ 
tamination of their food before or during the mixing process with 
excreta from rats or mice, or both. The negative results of the 
bacteriological examination of 250 rats from neighbouring areas 
suggested that the infection was confined to the rats on the premises. 
It would be diffi cult to decide whether rats, mice, rooks, or adult 
turkeys were permanent reservoirs on the premises and how the 
ini tial infection arose. The negative results of the bacteriological 
examination of 48 rats poisoned on the premises six months after the 
last outbreak of infection amongst the turkey poults suggested that 
the rats were not a permanent reservoir of infection although a definite 
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conclusion could be drawn only if it bad been possible to examine a 
greater number of rats. 

It was obvious from tbe negative findings of the examination of 
ftecal specimens, carried out over a period of time from a large number 
of young and adult poultry, that tho contamination of the food with 
Salm. schwartzengnmd was a rare occurrence. Moreover, only portions 
of a contaminated batch of mixed food contained Salmonella organisms, 
and this was to be expected since the food consisted of dry mash 
which would probably allow neither multiplication nor even distribu¬ 
tion of the bacteria. 

Summary 

An outbreak of Salm. schwartzengnmd infection in young chicks 
and turkey poults is described. 

Infection appeared to result from tho contamination of food with 
the excreta of infected rats or mico. 

Salm. schwarlzengrund was isolated from tho fieces of wild rats, adult 
turkeys, a mouse and a rook. Only two Salmonella* were isolated 
from the fteces of 100 sparrows, a number of ducks, cats, cows, pigs 
and horses. All these animals were kopt or caught on the infected 
premises. Salm. schwartzengnmd was not isolated from any of 250 
rats from neighbouring districts, but tho ficces of one contained Salm. 
typhi-murium. 

Wo wish to tlmnk Mr K. A. Figgins and Miss Shoila Day for their toehnical 
assistance and Dr Joan Taylor for kindly identifying the first three cultures 
of Salm. schwartzengrund. 
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ACUTE HISTAMINE EROSIONS IN THE STOMACH 
AND DUODENUM OE GUINEA-PIGS 

A. Wynn Williams 

Department oj Morbid Anatomy , St Mary's Hospital , London 

(Plates LXXVIH-LXXX) 

Repeated aqueous injections of histamine have in the past been 
given in an attempt to produce gastric erosions and ulcers in laboratory 
animals. Buchner and Molloy (1927) and Biirkle-de la Camp (1929) 
had some success with rats, but Overgnard (1931) and Omdorff cl al. 
(1935), using dogs and O’Shaughnessy (1931) and Heinlein and ICastrup 
(1937-38), using cats, all reported negative findings. 

Code and Varco (1940) first used beeswax as a base for the parenteral 
administration of histamine. Their method allows the gradual 
liberation of very large doses of histamine ovor 24 hours or more. 
By its adoption, Hay et al. (1942) have regularly produced chronic 
gastric and duodenal ulcers in many animal species including cats, 
dogs, guinea-pigs, rabbits and monkoys. 

Less attention has been given to the earliest lesions in the stomach 
and duodenum after histamine injections. Olovson (1950), using a 
histamine-beeswax preparation in guinea-pigs, concluded that ulcera¬ 
tion may bo completed in less than 24 hours. His doses of liistamino 
ranged from 0-1 to 10 mg. He noted, in some cases, mucosal hremor- 
rhages after half an hour and macroscopic erosions after 3 hours. 
He also observed that duodenal lesions greatly outnumbered gastric 
ones. No mention was made of control animals. 

The following experiments represent an attempted confirmation of 
Olovson’s work. 01ov6on removed the stomach and duodenum of 
his animals immediately after death and carefully washed tho mucosa 
with running saline before examining it. Because of the possible 
risk of abrasion of the delicate mucosa, tins method was modified by 
filling the stomach and duodenum in situ with 10 per cent, formol- 
saline with the aid of a small needle and syringe. About half-an-hour 
afterwards, stomach and duodenum were removed as one piece and 
immersed in a bath of 10 per cent, formol-salino before opening. 
Another modification of Olovson’s method consisted in the use of 
4-5 per cent, (w/v) white beeswax in arachis oil as base for the 
histamine. To each millilitre of base were added 5 mg. of histamine 
acid phosphate. Before injection, the histamine preparation was 
warmed to 50° G. for several minutes and shaken well. 
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^Method 

Twenty-nine male guinea-pigs, whose average weight was 360 g., were injected 
intramuscularly with the histamine preparation immediately after the last 
meal of the day. The dose varied between 2 and 12 mg. histamine phosphate. 
They were killed within 24 hours, on the average after 15 hours, by a sharp 
blow on the head. The abdomen was opened immediately and the stomach 
and duodenum filled with formol-saline. [Twenty male guinea-pigs of similar 
weight were used as controls. They were injected at the same time and in the 
same site as the test animals with 2 ml. of the arachis oil-beeswax base alone. 
They were killed after 15 hours by a blow on the head and their stomachs and 
duodenums were fixed in the same manner as those of the test animals. 


Results 

The incidence and distribution of the lesions are summarised in the 
table. The macroscopic appearances of the erosions are illustrated 
in fig. 1 (a and b), and the microscopic appearances in figs. 4 to 6 
inclusive. 

Table 

The incidence of stomach and duodenal lesions 


Dose of 
histamine 

No. 

of animals 
tested 

No. 

of animals 
with 
stomach 
lesions only 

No. 

of animals 
with 

duodenal 
lesions only 

No. 

of animals 
with both 
stomach and 
duodenal 
lesions 

No. 

of animals 
without 
stomach or 
duodenal 
lesions 

Experimental animals 








2-5 mg. 
5-0 mg. 
7-0 mg. 

10-0 mg. 

12-0 mg. 


(hemorrhages only) 

4 

(erosions) 

3 

(2 with erosions ; and one, 
winch died 4 hours after 
injection, with hemor¬ 
rhages only) 

4 

(erosions, which in 2 
animals had developed 
into perforations) 

4 

(erosions) 


0 

0 

2 

(erosions) 

1 

(erosions) 

0 


0 

0 

2 

(erosions) 


3 

(erosions) 








CONTROL ANIMALS 

2 ml. of 
base only 

20 

2 

(erosions; a single, small 
one in one animal and 

3 small one3 in the other) 

0 

0 

18 


Erosions were present in 22 of the 29 test animals, in the stomach 
in 14, in both stomach and duodenum in 5, and in the duodenum in 
3. Mucosal litemorrhages alone were present in the stomachs of 3 
of the 29 animals. 










((•) 

Fio 1 — (a) Non Jj'pmorrbnpie nmto erosion 4 * m tl>o bodj of n Rumen pig 
stomach, (f>) enlargement of part of (a) 
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With the smallest dose of histamine there were mucosal haemor¬ 
rhages only. With larger doses there were multiple erosions, 
hemorrhagic or non-licemorrhagic, and varying in size from a pin-head 
to 0-5 cm. in diameter. The erosions were round, oval or irregular 
in shape. They occurred in any part of the gastric mucosa hut most 
commonly in tho body or pyloric antrum. In the fresh state of the 
stomach they were cloarly visiblo through the serosa (fig. 1). Tho 
duodenal erosions appeared as brown “ scorched ” spots or streaks, 
extending sometimes for 2 cm. from the pylorus and most prominent 
on tho posterior wall. 

Histologically, the erosions consisted of abrupt deficiencies in the 
mucosa. Often only the most superficial part of the mucosa was 
affected. At other times the underlying muscle was exposed. Evidence 
of haemorrhage was frequently present in the necrotic floor, but 
inflammatory cells wore, as a rule, conspicuous by their absence. The 
surrounding mucosa showed a remarkably healthy appearance. 
Occasionally, congestion and oedema of its superficial part wore seen ; 
more frequently, some degeneration and shrinking of glandular 
epithelium. CEdema of tho submucosa was sometimes prominent. 
Some duodenal erosions were accompanied by a brisk inflammatory 
reaction, with numerous neutrophil polymorphs migrating into the 
tissue spaces, hut, as has been stated, this reaction was exceptional. 

The erosions were formed very quickly, e.g. in one animal injected 
with 10 mg. histamino and killed 4 hours later there were numerous, 
extensive gastric erosions, and in 2 animals gastric perforation occurred 
5 and 8 hours respectively after the injection of 7 mg. histamine. 
An increase in the number, and sometimes of the size, of tho gastric 
erosions accompanied increase in tho dose of histamine. The optimum 
dosage for tho production of erosions appeared to be between 7 and 
10 mg. histamine. Duodenal erosions appeared only after administra¬ 
tion of 7 or moro mg. histamine. 

There was no correlation between the state of the stomach and 
that of tho duodenum. Some of the most extensively eroded stomachs 
were unaccompanied by duodenal lesions. 

The presence of erosions in the stomachs of 2 of the control 
guinea-pigs was an unexpected finding. Presumably, acute erosions 
can occur spontaneously in guinea-pigs. 

An irregular finding in the animals was that of scattered areas of 
acute liver necrosis. Tho necrotic areas measured 1 to 3 mm. in 
diameter and were more marked at the periphery of the organ. 


Comment 

The results confirm Olovson’s observations on the ease and speed 
with which acute erosions are produced with histamine injections. 
Unlike Olovson’s results, however, gastrio lesions greatly outnumbered 
duodenal ones. 
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The pathogenesis of the acute erosions presents a fascinating 
problem. Histamine is known to increase gastric secretion. Gastric 
juice destroys the mucosa once the surface epithelium has been 
disrupted. But, if the gastric juice were responsible also for the 
destruction of the surface epithelium of the stomach and duodenum, 
one would expect to find large areas of erosion following histamine 
injection, instead of which we find focal areas of erosion. Bishton’s 
studies (1950) on the production of acute ischsemic lesions in the 
stomach and duodenum of guinea-pigs are possibly of significance 
in this respect, hollowing the parenteral administration of pilo¬ 
carpine, he observed ischsemic lesions in the mucosa 20 minutes later. 
These were demonstrable by injecting the blood vessels with colloidal 
silver iodide and then exposing the tissues to a photographic developer. 
Bishton concluded that the lesions were due to vascular occlusion 
and were a forerunner of erosions. 

It is possible that acute histamine erosions, as well as other types 
of erosions in the stomach and duodenum, are primarily vascular in 
origin. Their scattered distribution and the healthy surrounding 
mucosa are features pointing to a possible vascular basis. 

Acute erosions, identical in histology to acute histamine erosions, 
are not uncommon agonal lesions in the human stomach and duodenum 
(Williams, 1950). Examples are illustrated in figs. 2 and 3. Similar 
lesions occur also dining active life in a variety of conditions, such as 
acute emotional crises, and they have been noted in experimental 
animals following the administration of drugs such as pilocarpine, 
morphine and caffeine. 

Summary 

1. Acute erosions were produced in guinea-pigs by the intra¬ 
muscular injection of 2-12 mg. histamine phosphate in a beeswax- 
arachis oil mixture. 

2. Gastric erosions were far more frequent than duodenal erosions. 

3. There was no constant correlation between the state of the 
stomach and that of the duodenum. 

4. The erosions were formed very quickly, in some instances within 
4 hours. 

5. The character of the erosions suggests a primary ischsemic 
origin. 

Thanks are extended to Professor W. D. Newcomb for his advice, to Mr Aloe 
Beasley for histological preparations, to Mr Thomas Norris of the Vi' rig it- 
Fleming Institute and to the members of the Photographic Department, S 
Mary’s Hospital, for their assistance. 
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Plate LXXIX 


Histamine erosions 



Fig. 2.—Haemorrhagic acute erosions in tho antral mucosa of a man, aged 87, who 
died of pulmonary embolism. The stomach was fixed with formol-saJine im¬ 
mediately after death. X 1*0. 



<«) ( 6 ) 

Fig. 3.— (a) Multiple acute erosions in the antral mucosa of a premature male infant. 
X 2-5. (6) One of tho erosions. (H. and E. x 90.) Xote the absence of inflamma¬ 
tion. The stomach was fixed with formol-saline immediately after death. 
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QUANTITATIVE STUDIES ON THE CONTENT OP 
NUCLEIC ACIDS IN NORMAL AND LEUK2EMIC 
CELLS, PROM BLOOD AND BONE MARROW 

J. N. Davidson, I. Leslie and J. C. White 

From the Department of Biochemistry, University of Glasgow, and the Department 
of Pathology ( Hccmatology), Postgraduate Medical School of London 

(Plate LXXXI) 

Samples of aspirated human sternal marrow, venous blood, and 
leucocytes isolated from venous blood have been analysed for content 
of deoxyribonucleic acid phosphorus (DNAP) and ribonucleic acid 
phosphorus (RNAP), and enumeration of nucleated cells in the samples 
has been carried out. The results are expressed in terms of average 
DNAP and RNAP in pg. X10“’ per cell. A series of normal, healthy 
individuals has beon studied, together with patients with various 
types of leuksemia, both before and during therapy. Such results 
express the averages per cell from the mixed populations of growing, 
differentiating cells and mature cells in marrow, and for the mixture 
of various types of maturo leucocytes in normal blood, or leucocytes 
at varying developmental stages in tlio leukaemias. 

The work of Boivin, Vondrely and Vendrely (1948), Vendrely and 
Vendrely (1949), and of Mirsky and Ris (1949) suggests a very constant 
content of deoxyribonucleic acid (DNA) for the individual Bomatic 
cell nuclei of any one vertebrate species; the haploid spermatozoa 
have approximately half this amount. Considerable differences are 
found between one species and another. 


Technique 

Bone marrow. Samples were obtained by aspiration from the sternum, 
0-2-0-3 ml. sufficing. Film9 for cytological examination wore prepared, and 
tbe remainder of the Bamplo mixed with 0-6 ml. of hoparinised salino and 
weighed. From this mixture of known proportions, 0-1 ml. was withdrawn 
and diluted for enumeration of nucleated cells, and the residue used for deter¬ 
mination of nucleic-acid content. 

Peripheral blood. 2-5 ml. of freshly withdrawn venous blood were used 
for nucleic-acid determination, and 0-1 ml. diluted for nucleated cell count. 
Changes in the cells were minimal, but tbe samples were difficult to work with 
because of the great excess of protein. 

In a number of cases, analyses were performed on isolated leucocytes. Those 
cells could readily bo obtained from lenkromic blood by heparinising and standing 
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at room temperature for 1-H- hours. The leucocyte suspension was then 
separated from the sedimented erythrocytes. With normal blood, a similar 
separation was achieved by the method of Minor and Burnett (1948), in which 
bovine fibrinogen is added to the fresh heparinised blood, and glassware is 
siliconed to minimise loss of polymorphonuclear leucocytes.* In some analyses, 
the leucocyte suspensions were freed from all adherent plasma proteins by 
washings with 0-85 per cent, sodium chloride solution. The leucocyte suspensions 
were then sampled for cell counting and analysis. 

Cell enumeration. Dilutions of the marrow samples were made at 1 in 20 
or 40 with 0-85 per cent, sodium chloride solution tinged with methyl violet, 
and cellular fragments broken up and the cells evenly suspended by slow 
mechanical rotation for 10 minutes. The improved Neubauer luemocytometer 
chamber was used for counting. Where enumeration of nucleated cells only 
was required, the erythrocytes were lysed with saponin. Leucocyte suspensions 
were counted similarly, but where saline-washed suspensions were used, rapid 
mixing and counting was necessary to avoid clumping of cells. 

The counts were performed on both sides of the chamber, 10 areas of 1 sq. 
mm. each being covered, usually giving a total of more than 1000 cells. 

Determination of nucleic acids. The samples were extracted twice with cold 
10 per cent, trichloracetic acid, and the nucleic acids determined, as described 
in an earlier publication on marrow (Davidson, Leslie and White, 1948), utilising 
the Schmidt and Thannliauser (1945) method for separating the acids, and 
determining them as inorganic phosphorus after perchloric-acid oxidation by 
the Davidson and Waymouth (1943) modification of Berenbhun and Chain’s 
(1938) micro-method. 

Oytological examination.. In addition to air-dried films stained by 
Romanowsky dyes, wet-fixed films were examined cytochemically by various 
methods for nucleic acids and proteins (see White, 1947, 1950). 


Results 

Normal bone marrow 

The results for 27 aspiration biopsies of marrow from 22 normal 
volunteers are shown in table I and fig. 1. DNAP and RNAP is 
expressed in pig. x 10~ 7 per cell, and the ratio of the two acids, RNAP/ 
DNAP, is given. The mean of observations is given for each parameter 
with the observed ranges and standard errors of the observations. 


Leukcemic bone inarrow 

The results for 33 observations on 17 cases of leuktemia of various 
types are shown in table I and fig. 2. These include observations 
made during various types of therapy, which in some cases produced 
remission (vide infra). The ranges are similar to those for the normal 
series. Seventeen initial observations on the 17 untreated patients 
give means which are similar to those for the total observations. 
Table III fists the types of leukaemia studied. 


* The leucocyte separations were carried out in co-operation with Dr J. W. 
Fawcett. 




Means for special groups within 
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Normal blood and isolated leucocytes 

In table I and fig. 1 the results are shown for a series of 11 observa¬ 
tions on 10 normal individuals. The means for analyses on whole blood 
and on isolated leucocytes are for the combined results. 

NUMBER " OF 
OBSERVATIONS 
TO 

9 
8 
7 
6 
6 
4 

3 
2 
1 

° 4 .6 8 10 12 14 16 2 4 6 8 10 12 14 16 

6 

4 
3 
2 
1 

0 

Fig. 1.—Average nucleic acid phosphorus (NAP) in pg. X 10 -7 per cell in normal marrow 
and peripheral blood leucocytes. 

Histograms 

A. Deoxyribonucleic acid phosphorus (DNAP) in marrow cells. 27 observations on 

22 individuals. . 00 

B. Ribonucleic acid phosphorus (RNAP) in marrow cells. 27 o sorva ions on 

individuals. ... 

C. DNAP in peripheral blood leucocytes. 11 observations on 10 in ivk ua s. 

D. RNAP in peripheral blood leucocytes. 7 observations on 6 indi\i ua s. 

Leuhcemic blood 

Eighteen observations on 15 patients with various leukaemias are 
given in table I and fig. 2. Twelve observations were made on whole 
blood, and 6 on isolated leukaemic leucocytes. The types o eu aemia 
are listed in table III. 

Comparison of results 

Student’s “ t ” test (Fisher, 1950) has been used to compare the 
corresponding means of the different series. This is shown in table U, 
and the probability (P) is given where significant differences exist 

between means. 
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HUMBER OF 
OBSERVATIONS 

IS - 

15 - 

14 - 

13 - 

12 - 


A 


b; 



Fio. 2.—Average NAP in pg. X10'’ per cell m leukacmic marrow and in peripheral 
blood leucocytes. 


Histograms 

A. DNAP in marrow cells, 33 observations on 17 patients. 

B. ItNAP in marrow cells. 32 observations on 16 patients. 

C. DNAP in peripheral blood leucocytes. 18 observations on 15 patients. 

D. RNAP in peripheral blood leucocytes. 18 observations on 15 patients. 
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Variation in the leukaemias 

The leuktemic patients are classified clinically and cytologicaily 
as far as possible into acute, subacute and chronic groups, characterised 

Table n 


“ t ” test of significance for differences between means 


Means compared 

DXAP 

unap 

liatio ItXAP/DXAP 

Normal and leukcemic marrow . 

Not significant 

Not significant 

Not significant 

Normal marrow and normal blood 
leucocytes 

P. 

Doubtful significance 

Highly significant 

Highly significant 

0-05 

<0-001 

<0-001 

Degrees of freedom 

37 

33 

33 

Leukcemic marrow and leukcemic 

Just significant 

Highly significant 

Highly significant 

P. 

0-02 

<0-001 

<0-001 

Degrees of freedom 

50 

50 

50 

Normal and leukcemic bloods 

Not significant 

Significant 

Significant 

P. 

... 

0-02-0-01 

0-01 

Degrees of freedom 

28 

24 

24 


Table III 


Types of leukaemia examined 


Type of lcuktcmia 

Xo. of patients in whom 
marrow was examined 

Xo. of patients in whom 
blood leucocytes were 
examined 

Acute myeloblastic and para-myeloblastic 

8 

2 

Acute lymphoblastic .... 

0 

3 

Subacute myeloblastic and para-myelo- 
blastic 

6 

3 

Subacute lymphatic .... 

1 

1 

Chronic myeloid ..... 

1 

3 

Chronic lymphatic .... 

1 

3 

Total . • . 

17 

15 


respectively by excess of primitive blast cells, varying proportions 
of primitive and older cells, and pronounced excess of the more 
differentiated cells. Expression of the nucleic acid content on this 
basis is shown in table IV, for 13 untreated cases.. 


Table IV 

Nucleic acid phosphorus {NAP) in the marrow cells of different leukcemic 
groups (mean NAP in ygX 10 -7 per cell) 


Group 

Xo. of 
patients 

DXAP 

EXAF 

Ratio 

RXAP/DXAP 

Acute leuktemia 

0 

s-s 

8-78 


Sub-acute leukaemia 

5 

7-98 

6-12 


Chronic leukaemia . 

2 

8-25 

4-G8 

Sfeji 
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Effect of therapy on leuhcemic cells 

Where a response to therapy occurs, whatever the therapeutic 
agent or type of leuksemia, the general result is a decline in proportion 
of primitive blast cells and a rise in the more mature, differentiated 
cells in the marrow. Changes in the total cellularity of the aspirated 
marrow are very variable, however, particularly in the acute forms. 
No very regular changes have been found in the average nucleic acid 
content of the cells, but increased maturity of the marrow cells is 
often reflected by a fall in the average KNAP and in the RNAP/DNAP 
ratio'. In some acute cases, however, the cells have possessed very 
little cytoplasm and the KNAP has been low before therapy, and an 
increase has occurred as the marrow becomes more mature. 

The example of acute leukaemia summarised in table V illustrates 
changes occurring during a temporary remission induced by 
aminopterin. 

Tasue V 

Aminopterin therapy in a patient with acute paramyeloblaslic 

leukaemia 


Date 

Therapj- 

Harrow structure 

Nucleated cells 
per mg. of 
aspirated 
marrow 

Average NAP per cell 
in pg. x Hr' 

Ratio 

RNAP/ 




DNAP 

RNAP 

DNAP 

14.6.49 

None 

Predominance of 
paramyeloblasts 

170,800 

8-9 

11-6 

1-3 

20.6.49 

3 days after 60 fig. 
of vitamin Bi« 

Unchanged 

104,350 

9-0 

9-9 

1-1 

29.6.49 

After 9 mg. of 
aminopterin 

Fewer blast cells, 
more mature cells 

100,600 

8-3 

6-8 

0-82 

13.7.49 

Blood 

Mature, actively 
granulopoietic 
marrow 

245,300 

9-4 

8-1 

0-86 

1.9.49 

None 

Blast cells again 
predominate 

181,700 

6-4 

7-0 

1-1 

1-8 

(Post¬ 

mortem) 

22.9.49 

IS mg. aminopterin 
from 3 to 11.9.49 

Blast cells 
predominate 
(post-mortem) 

Cells not 
enumerated 




Influence of technique on the results 

An attempt was made to determine whether the suspension of 
marrow samples in heparinised O'85 per cent, sodium chloride solution, 
as used in our technique, resulted in any loss of nucleic acids. Marrow 
samples from 9 normal individuals and 5 leuktemic patients were 
each divided and half transferred directly to 10 per cent, trichloracetic 
acid, half to 0-5 ml. of 0-85 per cent, sodium chloride solution in the 
usual way. The contents of nucleic acids in the paired samples v ere 
then compared on the basis of DNAP and KNAP per 100 mg. of aspirate 
and table VI shows the means of the amounts in the saline-treated 
samples as compared with means of the amounts in the samples ta *en 
direct into trichloracetic acid. 
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The nature of the aspirated marrow used for analysis 

Marrow aspirated from the sternum consists of cellular fragments 
suspended in blood. Preparation of histological sections from the 
aspirate shows that the fragments represent the true stromal, hemo¬ 
poietic tissue, whilst the adherent blood contains a mixture of mature 
peripheral leucocytes and more primitive cells liberated from the 
fragments. 

In our earlier work (Davidson, Leslie and White), only the marrow 
fragments were analysed. The ratio RNAP/DNAP ranged from 
3-8 to 1-0 in the normal series, with a value of 2-0 from the means 
for RNAP and DNAP. In the present series, the whole aspirate was 
used, and the results express average amounts of nucleic acid 
phosphorus for mixed populations of primitive and mature cells. 
This is responsible for the lower mean ratio RNAP/DNAP in the 
present normal series —0-81, with a range of 1-9 to 0-43. 

Using sternal marrow aspirated from 4 normal individuals, an 
attempt was made to demonstrate this difference between the com¬ 
position of whole aspirate and the cellular fragments. The fresh 
samples were divided at once into 3 fractions, which were analysed 
separately :— (a) whole aspirate, ( h ) the fragments of marrow remaining 
after removal with a pipette of the supernatant blood, this last being 
fraction (c), blood containing mature leucocytes and free marrow cells. 
The results are given in table VII. 

The RNAP/DNAP ratios in the whole aspirate are much lower 
than the corresponding ratios for the fragments alone, and 3 of these 
are similar to the ratios previously found for fragments, but one is 
lower. An analysis of variance shows that the higher ratios for 
fragments are determined by their significantly higher content of 
RNAP, as compared weight for weight with whole aspirate (P< O’OOl). 

Discussion 

Although "wide variation occurs between observations in both 
series, the means for the average DNAP per cell for normal and 
leuksemic marrow are very similar, as are the means for the cells in 
normal and leuksemic blood. A few figures for the DNAP content 
of other human cells are available (Davidson and Leslie, 1950). The 
present results are of the same general order as those obtained for 
cells of liver and kidney, although the results of Vendrely and Vendre y 
(1949) for liver are slightly lower than our values for lisemopoiotic 
tissues. We have found half this amount of DNAP in human 

spermatozoa. 7 

Metais and Mandel (1950) have studied the DNAP of human blood 
leucocytes by methods similar to ours, and their results s ion g°° 
agreement, both in the value of the mean and as regards t le ac' 
of any significant difference between normal and leukoemic eucocj e 
series ; our observed ranges and standard errors, however, are muc l 
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Fio 4—Stomal marrow from a patient with acute param> eloblastic leuk-erma (see 
table \ ) Film wet fixed in Susa and stained by pjromn methvl green The more 
primitive cells hn\e quite abundant deeplv basophilic cvtoplnsm and largo 
nucfcoh Average D5T4P per ceil b 9 pg x 10 1 KNAP per cell II 6 /tg x 10 7 
Ratio RJsAP/DNAP 13 x900 
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Fio 5—Sternal marrow from a patient with acute mjeloblastic Icuk'enua, prepared 
as in Fig 4 Most cells are small, with minimal cytoplasm, but possess prominent 
nucleoli Average DNAP per cell 8 7 x lO" 1 RNAP per coll 4 3 fig X10-’ 
Ratio RNAP/DNAP 0 49 X9G0 
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larger than theirs. Osgood (1950, personal communication) has also 
studied the DNAP of normal and leukfemic human leucocytes, 
observing ranges similar to those encountered in our own series, 
though with rather lower means. 

It is not possible as yet to ascertain the full significance of the 
individual variations in our DNAP values ; the various errors inherent 
in the methods used may account in part for these. Marrow is a very 
heterogeneous tissue, in winch growth is normally achieved by 
successive mitoses accompanied by differentiation. In some leukaemias, 
cell proliferation may proceed with practically no differentiation. In 
any sample of marrow, the number of cells actually in division is 
never high, although the number of cells preparing for mitosis may 
be far higher. The effect of a relatively high rate of growth on the 
average DNAP content per cell cannot, of course, be determined with 
assurance, but it may be expected to cause an appreciable increase. 
Indeed, we have found an increase of average DNAP in marrow cells 
relative to mature blood loucocy'tes of the order of 19 per cont. in 
both normal and leukjemio series, this difference being of borderline 
significance. Variation in chromosome numbors may occur in some 
cells, though in normal marrow this may bo limited to megakaryocytes 
and occasional endomitotic cells (Schwarz, 1946). 

Whatever the impact of these variables, tho range of average 
DNAP values encountered in normal and leukfemic marrow is very 
similar, and tho means show no significant difference. Such similarity 
in the ranges and means may suggest that there is little fundamental 
difference in the nuclear organisation of normal and leukfemic cells 
so far as the deoxyribonucleic acid component is concerned. Mitoses 
with haploid chromosome numbers have been reported in leukEemio 
cells by a number of authors (Forkner, 1938 ; Polli, 1950), but tho 
majority of viable cells may well bo derived by more normal mitoses. 
Gunz (1948) found that most mitoses were normal in the early stages 
of in vitro culture of leukfemic blood cells, although some abnormal 
“ resting ” cells were seen. Our results would seem to bo more 
consistent with this observation. 

Tho average cellular RNAP is subject to similar wide variation in 
the normal and leukfemic series, but the mean for the leukaemic series 
does not differ significantly from the normal mean, though it is a little 
higher. This is rather surprising, sinco cytocliemical examination 
of tho leukfemic cells shows that the more primitive cells have cyto¬ 
plasm rich in basophilic material which is removable by ribonueleaso. 
But the cytoplasmic mass of tho primitive leukfemic colls is very 
variable and cases of myeloblastic or lymphoblastic leukcemia often 
have cells possessing a minimal amount of cytoplasm, although this 
small amount may be quite basophilic (figs. 4 and 5). In all primitive 
leukfemic cells, Feulgen-negative nucleoli are prominent and are rich 
in basophilic material removable by ribonuclease. 

A trend linking predominance of primitive cells in the different 
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types of leuksemic marrow with higher average RNAP values per cell 
is apparent but has not been statistically proved. Similarly, increased 
cellular maturity following therapeutic remissions is often accompanied 
by fall in average RNAP and RNAP/DNAP ratios, but the reverse 
may occur in some acute leukaemias where the primitive cells possess 
a very small cytoplasmic mass. 

The significantly lower mean RNAP for the blood leucocytes as 
compared with marrow cells reflects the fall in cytoplasmic and 
nucleolar ribonucleic acid content with maturation, which is apparent 
on cytochemical examination of the cells. Similarly, although the 
leuksemic blood cell RNAP is much lower than the leuksemic marrow 
value, it is still significantly higher than normal blood leucocyte RNAP, 
and the leuksemic blood samples all contained varying numbers of 
the more primitive cell types. The general tendency for a fall in 
RNAP to occur with increased cell maturity is in line with the concepts 
developed by Thorell (1947) in his quantitative micro-spectrophoto- 
metric investigations on hsemopoietic cells. 

Summary and conclusions 

1. The average content of deoxyribonucleic acid phosphorus 
(DNAP) and of ribonucleic acid phosphorus (RNAP) per nucleated 
cell has been determined in samples of aspirated sternal bone marrow 
and of venous blood obtained from 22 normal individuals and 17 
patients with leukaemia. 

2. The DNAP values show a wide range in normal and leuksemic 
marrow, but the means of the two series are very similar. 

3. The mean DNAP is the same in normal and leukaemic peripheral 
blood leucocytes, but in both series the means are about 19 per cent, 
lower than those for marrow cells, the differences being of borderline 
significance. 

4. The lack of significant difference between the normal and 
leukajmic DNAP values is discussed in relation to recent work on the 
apparent constancy of nuclear DNAP and in relation to mitosis. In 
so far as the quantity of the deoxyribonucleic acid component relates 
to nuclear organisation, normal and leuksemic cells do not appear to 
differ fundamentally. 

Jo. The RNAP values show a similar wide range in normal and 
leuksemic marrow, and the means do not differ significantly. 

J 6. The mean RNAP per cell for peripheral blood leucocytes is 
significantly lower than the corresponding mean for marrow colls 
both in normal and in the leuksemic series, but the mean RNAP of 
leuksemic leucocytes is significantly higher than the value for normal 
leucocytes. 

) 7. The quantitative studies on the RNAP show a smaller difference 
between the average amounts in normal and leuksemic marrow cell 
populations than might be expected from cytochemical investigation. 
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The great variability of primitive leukremic cells, particularly in the 
amount of basophilic cytoplasm present, is discussed in relation to 
this. 

^ 8. In both normal and leuktemic series, the KNAP content of the 
mature blood leucocytes is lower than that of marrow cells, and a 
fall in KNAP has also been observed in the marrow cells of some 
leukrcmic patients during the therapeutic remission. This evidence 
suggests that the ribonucleic-acid content of cells diminishes with 
increasing maturity, which is in accordance with conclusions drawn 
from cytoehemical examination of the cells. 

Our thanks are duo to Prof. J. H. Dible find to many colleagues of the Post* 
graduate Medical School of London for their interest and assistance and for 
facilities for studying patients. Wo deeply appreciate the co-operation of the 
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treatment, and Dr C. C, Spicer has scrutinised the results. Tho photomicrographs 
were taken by ftlr E. V. Willmott, F.R.P.S. 
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types of leuksemic marrow with higher average RNAP values per cell 
is apparent hut has not been statistically proved. Similarly, increased 
cellular maturity following therapeutic remissions is often accompanied 
bj r fall in average RNAP and RNAP/DNAP ratios, but the reverse 
may occur in some acute leukaemias where the primitive cells possess 
a very small cytoplasmic mass. 

The significantly lower mean RNAP for the blood leucocytes as 
compared with marrow cells reflects the fall in cj'toplasmic and 
nucleolar ribonucleic acid content with maturation, which is apparent 
on cytochemical examination of the cells. Similarly, although the 
leuksemic blood cell RNAP is much lower than the leuksemic marrow 
value, it is still significantly higher than normal blood leucocyte RNAP, 
and the leuksemic blood samples all contained varying numbers of 
the more primitive cell types. The general tendency for a fall in 
RNAP to occur with increased cell maturity is in fine with the concepts 
developed by Thorell (1947) in his quantitative micro-spectrophoto- 
metric investigations on hsemopoietic cells. 

Summary and conclusion's 

1. The average content of deoxyribonucleic acid phosphorus 
(DNAP) and of ribonucleic acid phosphorus (RNAP) per nucleated 
cell has been determined in samples of aspirated sternal bone marrow 
and of venous blood obtained from 22 normal individuals and 17 
patients with leukaemia. 

2. The DNAP values show a wide range in normal and leuksemic 
marrow, but the means of the two series are very similar. 

3. The mean DNAP is the same in normal and leuksemic peripheral 
blood leucocytes, but in both series the means are about 19 per cent, 
lower than those for marrow cells, the differences being of borderline 
significance. 

4. The lack of significant difference between the normal and 
leuksemic DNAP values is discussed in relation to recent work on the 
apparent constancy of nuclear DNAP and in relation to mitosis. In 
so far as the quantity of the deoxyribonucleic acid component relates 
to nuclear organisation, normal and leuksemic cells do not appear to 
differ fundamentally. 

Jo. The RNAP values show a similar wide range in normal and 
leuksemic marrow, and the means do not differ significantly. 

J 6. The mean RNAP per cell for peripheral blood leucocytes is 
significantly lower than the corresponding mean for marrow cells 
both in normal and in the leuksemic series, but the mean RNAP of 
leuksemic leucocytes is significantly higher than the value for normal 
leucocytes. 

)7. The quantitative studies on the RNAP show a smaller difference 
between the average amounts in normal and leukiemic marrow ceil 
populations than might be expected from cjdochemical investigation. 
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DYSTOPIA OP THE NEUROHYPOPHYSIS: 

TWO CASES 

Bernakd Lennox and Dorothy S. Russell 

From the Department of Pathology of the Postgraduate Medical School of London 
(Hammersmith Hospital ) and the Bernhard Baron Institute of Pathology, 
The London Hospital 

(Plates LXXXII-LXXXIV) 

Only eight cases of the curious condition known as dystopia of the 
posterior pituitary appear to have been recorded and of these none 
has appeared in the literature of this country or of America. This 
degree of rarity and the intrinsic interest of the condition seem to 
justify the following report of two cases, even though they present 
no additional features of importance. 

Case 1 

Clinical history 

A normally developed parous woman of 57 had been known to have diabetes 
mellitus for nineteen years. She had been under observation in the diabetic 
clinic of Hammersmith Hospital under Dr Russell Fraser for eight years, and 
during this time routine investigations showed nothing to suggest that the 
diabetes was in any way unusual or that any other endocrine disorder was 
present. She was stabilised latterly on 26 daily units of protamine zinc insulin. 
Squamous carcinoma of the right tonsil was diagnosed at the age of 61, was 
treated with X-rays, recurred four years later, was again treated, and at the 
time of her death presented a large second recurrence. Death however was 
not directly due to this, but occurred in hypoglycsemic coma, produced, it was 
believed, by taking an excessive dose of insulin in the hope of being able to 
produce sugar-free urine at her monthly visit to tho diabetic clinic. 


Pathological findings 

Post-mortem examination two days after death showed nothing 
unexpected outside the pituitary. There was an ulcerated, infiltrating 
mass of ill-differentiated squamous carcinoma in the right upper 
triangle of the neck. The pancreas was grossly normal but had 
probably some reduction in number of islets. There were early 
Kimmelstiel-Wilson lesions in the glomeruli of the kidneys; the 
thyroid and adrenals were normal and the genitalia senile. In removing 
the brain a firm, pink and slightly bilobed nodule (5X4X4 mm.) 
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was noted at the apex of the infundibulum. What appeared to he a 
normal pituitary stalk ran down from it to pierce a normal diaphragma 
sellce and join a structure of the size and external shape of a whole 
normal gland in the pituitary fossa. The nodule with adjoining brain 
and part of the stalk was embedded whole and sectioned sagittally : 
the intrasellar gland was sectioned horizontally and both halves 
embedded. When histological preparations had been examined and 
the diagnosis made, the remaining material was sectioned serially 
(at 100 g intervals from the upper block and 250 y intervals from 
the lower two). Examination of the intrasellar gland was thus 
thorough, but that part of the stalk which lay within the diaphragmatic 
aperture and one lateral half of the upper block were lost. 

Microscopical examination 

The nmroliypopliysis forms the nodule noted at the apex of the 
infundibulum (fig. 1), Histologically it shows little else abnormal. 
No infiltration with basophils of the type seen near the pars intermedia 
is present. One single group of epithelial cells (fig. 3) is seen near its 
upper pole; they are faintly basiphile bj? Mallory, moderately muco- 
protein positive by Pearse’s (194=9) trichrome-periodic acid-Schiff 
method, and Sudan-black staining of paraffin sections shows no 
lipoid. 

The infundibulum contains no recess but appears otherwise normal. 
The adjacent structures of the third-ventricle floor, including the 
supraoptic nucleus, appear normal. 

The whole of the apparent stalk of pituitary (fig. 2) is formed by 
the pars tuberalis, which spreads out over the anterior surface of the 
neurohypophysis and of the infundibulum above it as far as the post- 
chiasmal angle. At all levels it contains numerous thin-walled blood 
vessels, running longitudinally; these vessels, which must represent 
the pituitary portal system, avoid the neurohypophysis almost entirely 
(fig. 2) though one large channel runs from its posterior surface into 
the stalk and a few capillary communications can be traced. 

The pars anterior appears histologically normal. In view of the 
post-mortem interval no detailed cytological study was attempted, 
but Dr A. G. E. Pearse thought the glands normal for a patient of 
this age. There is no trace of neurohypophysis, pars intermedia or 
cleft in this part of the gland. The stump of the stalk as it joins the 
upper surface of the gland consists of pars tuberalis. 

Case 2 

Clinical history 

W. S., a male aged 58, was admitted to the London Hospital on 22nd Amo 
1937 with abdominal pain, tenderness and rigidity in the right iliac fo=>sa. 
operation, performed immediately, peritonitis was found and a gangrenous 
appendix removed, with drainage of the peritoneal cavity. He died hree 
days later. 





Fig. 1.—Case 1. Micl-snpittnl section of region of pituitary stnlk, showing the ncuro- 
hypophysis at the apex of the broad infundibulum, and the narrow stalk formed 
of pars tuberohs to the left. Hie malum and eosin. X 5*0. 
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Fig. 2.—Detail of fig. 1, showing the junction of neurohypophysis and pars 
tuberalis (left), and the promment portal-system vessels. H. and E. x 33. 








Table —Summary of reported cases of dystopia of the neurohypophysis 



entirely detached from the pars 
distal ts 
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Pathological findings 

Post-mortem examination (P.M. 265, 1937) performed 16 hours 
after death revealed general sero-fibrinous peritonitis as the cause 
of death. The subject was a tall (6 ft.) well-developed stout muscular 
man. Incidental findings were the replacement of the right suprarenal 
by confluent fibrocaseous tuberculous nodules, focal hyperplasia and 
atrophy of the cortex of the left suprarenal, and obsolete tuberculosis 
of the sub-apical region of the right lung and of the right hip-joint. 
Two colloidal adenomata were present in the otherwise normal thyroid 
gland. The first part of the duodenum showed two shallow peptic 
ulcers. 

The stalk of the pituitary from the infundibulum to the level of 
the diaphragma selke was expanded by a solid grey nodule (0-7 cm. 
in diameter). A short segment of stalk united its lower extremity 
to the anterior lobe (weight 0-4 g.) in the sella turcica. The anterior 
lobe was of normal appearance ; no trace of posterior lobe tissue was 
visible in its border. 


Microscopic examination 

On mid-sagittal section the nodule in the stalk (fig. 4) is composed 
of tissue identical in appearance with that of the normal posterior 
lobe of the pituitary. No epithelial cells are present, as in case 1. 
It is coated anteriorly with a narrow strip of pars lingualis. A small 
group of cells belonging to the pars tuberah's lies in the posterior 
angle between the nodule and its attachment to the infundibulum. 

After fixation in formaldehyde the anterior pituitary was divided 
sagittally into four portions which were embedded together in paraffin 
wax. Microscopically there is no histological abnormality, and no 
trace of posterior lobe is present. The lower extremity of the stalk 
is represented by a tag of tissue resembling the normal pars lingualis. 

Discussion 

Reported cases of this anomaly, including the present two, are 
collected in the table. Congenital anomalies of the pituitary are 
rare, only the various forms of craniopliaryngeal duct persistence 
and the lesions associated with anencephaly being even relatively 
frequent. The only reported cases found which bear even remote 
relation to the condition under discussion are Kraus’s second case 
(1926), a child of 14 days with neurohypophysis embedded in the 
anterior surface of the pars anterior—no clinical details and no details 
of stalk anatomy are given, and Ratzenhofer’s case (1938) in which 
a deformity of the basis cranii displaced the whole pituitary into the 
cranial cavity. 

The most remarkable feature of the tabulated cases is the lack 
of any characteristic endocrine effect. Lhermitte and Roeder s case 
(1922) and our first case both had diabetes meflitus ; an incidence 
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neurohypoplij sis Periodic acid Schiff orange G X 5S0 
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of two out of ten of a condition whose general incidence at the 
relevant ages is not over I per cent, could be shown to be statistically 
significant, but it seoms wiso to withhold judgment on this in so small 
a series. Two cases did, of course, have major endocrine disorders 
but in both the pituitary lesion was moro than a simplo dystopia. 
In Priosel’s first case (1920) tlio functional pars anterior was greatly 
reduced by the cyst, and it cannot be doubted that this was the 
effective lesion. In Biemond and Harz’s case (1935) the moderate 
dwarfism was believed to bo ovarian in origin, and the ovarian hypo¬ 
plasia was ascribed by the authors to the pituitary lesion. If this is 
so—and tho case is not an oasy one to assess—a comparison with 
other cases suggests that the interruption of the pituitary stalk, and 
with it the portal system, was more important than the displacement 
of the neurohypophysis, though this was moro extreme than in any 
other case. In gonoral, it seems safe to assume that simple dystopia 
of the type seen in the two cases described in tho present article does 
not lead to any change in pituitary function. 

The constancy of the juxtaposition of the neuro- and oro-hypophysis 
in vertebrates has encouraged the belief that this is of functional 
significance. Support may be advanced for such an argument through 
the frequency of " invasion ” of the neurohypophysis by trabecular 
masses of basophil cells and, more doubtfully, through the presence 
of " colloid ” vesicles amongst tho borderline cells. Neither of these 
features has, however, been proved to be of functional significance, 
and it has never been demonstrated with certainty that the contiguity 
of the two parts is necessary to any of the known physiological functions 
of the pituitary. In whales (Geiling and Bobbins, 1938) a fibrous 
septum between the lobes affects tho function of neither of them. 
In the wood-frog, Atwoll (1938) succeeded in displacing the embryonic 
pars anterior from the floor of the third ventricle without disturbing 
its differentiation or any detectable part of its function. These cases 
of dystopia of the neurohypophysis afford additional evidence that 
normal contact between neuro- and oro-hypophysis and, incidentally, 
differentiation of the pars intermedia, is not necessary for the function 
of the pituitary in man. It is true that the pars tuberalis remained 
in contact with the pars nervosa in all cases, but there was no histo¬ 
logical evidence of activity along the line of contact, and if the pars 
tuberalis has any significance in those cases it may well be chiefly 
in virtue of the portal vessels which it carries. It may be concluded 
that the association of the two halves of the pituitary is simply an 
accident of developmental contiguity perpetuated by the hypothalamic 
connections of the pars anterior. 

Summary 

In the two cases described the pars nervosa of the pituitary was 
found accidentally at post-mortem to lie between tho infundibulum 
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and the diapliragma sell®, being connected to the normal pars anterior 
lying in the pituitary fossa by a stalk consisting of pars tuberalis. 
One patient had diabetes mellitus, the other no known endocrine 
disorder. Ten cases of this condition have now been described. 
When uncomplicated it does not appear to result in any disorder of 
pituitary function. 
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CHOLESTEROL CONTENT OE TABETIC 
SPINAL CORD 

IC. C. Dixon and B. M. Herbertson 

Department of Pathology , University of Cambridge 
(Plate LXXXV) 

The lipids of myelin consist largely of free cholesterol, sphingomyelin 
and cerebroside, in Wallerian degeneration this free cholesterol 
disappears and there is also a fall in total cholesterol (Johnson, McNabb 
and Rossitor, 1948, 1949). A similar fall in cholesterol is likely to 
accompany the pronounced loss of myelin in tabes dorsalis where 
domyelination is histologically confined to the posterior white columns 
of the spinal cord as well as the dorsal roots. It appeared of interest 
to establish by simple chemical technique if there is, in fact, a fall in 
cholesterol content of the posterior columns. Accordingly, wo 
estimated the cholesterol content of both posterior and lateral columns 
from four normal spinal cords and also from one cord showing severe 
and extensive tabes dorsalis. 

Material and methods 

Material. Four normal spinal cords (cords A, B, C and D—table I) and 
one cord from a case of tabes dorsalis (cord E—table II) were used. Cord A 
■was from a man aged 66 who died from congestive heart failure following chronic 
rheumatic heart disease, cord B was from a man aged 48 who died from cardiac 
infarction, cord C from a man aged 25 who died from cerebral abscess following 
chronic otitis media and cord D from a man aged 65 who died from carcmoma 
of the ascendmg colon Cord E was from a man aged 69 who had suffered from 
tabes dorsalis. He was said to have contracted syphilis at the age of 20 Severe 
tabes was diagnosed at age of 65, and aortic incompetence was found at the 
age of 67. The Wassermnnn reaction of the C.S F. was strongly positive shortly 
before death from generalised peritonitis following painless acute appendicitis. 
Post mortem examination showed extensive tabes dorsalis and syphilitic 
aortitis. The cords were fixed in 10 per cent, formol saline and pieces were 
taken for analysis after varying periods up to 13 months (see tables I and H). 
According to Brante (1949) the cholesterol content of white matter does not 
change during prolonged immersion m formaldehyde solution. Our results 
confirm this view for the white matter of spinal cord (cords A and E), examined 
at intervals after a period of 3 to 13 months of storage, but in two other cords 
(C and D), a slight fall in cholesterol appeared to occur during the first three 
months of storage. Various possible factors may account for this slight diminu¬ 
tion dunng the early stage of storage However, the conclusions, based largely 
on the value of the ratio of cholesterol content of the posterior and lateral 
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columns, could not be affected by so slight an alteration. Furthermore, the 
mean absolute values cited in the toxt for normal cord A, and for tabotie 
cord E, refer to observations made after three months or more of storage. 

Preparation of tissue. For each estimation a cylindrical piece of lumbar or 
thoracic cord 1-2 cm. long was removed by transverse cuts with a mounted 
razor blade. From this piece of cord portions of both posterior and lateral 
tracts -were obtained. Firstly, the pia-arachnoid was stripped from the surface of 
the cord. The moistened, transversely cut surface of the cord was then examined 
with a hand lens so as to orientate the razor before incision and a longitudinal 
incision was made starting just medially to the points of entrance of the dorsal 
roots. The incision was directed anteromedially to meet a similar incision from 
the opposite side. In this way, a piece of white matter (sectorial in transverse 
section) was cut from the posterior columns. Similar strips of whito matter 
were then cut from the anterolateral tracts of both sides. Great care was taken 
during these procedures to ensure that no grey matter was included in the 
strips used for analysis. The cord remaining after removal of the strips of whito 
matter consisted of a piece of tissue, stellate in transverse section, containing 
all the grey matter and remnants of the white. In many cases tho stellato 
pieces were later examined histologically to check the accuracy of excision 
(see fig. 2). 

Extraction of tissue. The pieces of posterior and < anterolateral columns 
excised in the above manner were rinsed with a jet of distilled water on filter 
paper, then blotted and dropped into 100 ml. pyrex Basics containing 20 ml. 
ethanol-ether mixture (3 vols. ethanol; 1 vol. diethyl ether). Each flask was 
stoppered with a ground glass stopper and left in the refrigerator overnight. 
Next morning the pyrex flasks were connected by ground glass joints to reflux 
condensers and heated on a hot plate with reflux condensation for 2 hrs. Tho 
supernatant fluid was then poured off from the extracted pieces of tissue into 
“ Quickfit ” flasks. The original flasks containing the pieces of tissue were 
washed with 3x5 ml. washings of ethanol-ether, the washings being transferred 
to the “ Quickfit ” flasks. The pieces of tissue in the pyrex Basics were then 
re-extracted with a further 20 ml. ethanol-ether for 2 hrs. The pieces of tissue 
were removed from the second extract and transferred to pyrex micro weighing 
glasses, dried for 3 hrs. at 100° C. and weighed on an air-damped somi-micro 
balance. The fat-free dry weights were generally between 4 and 11 mg. The 
“ Quickfit ” flasks containing the first extracts of cord, together with tho 
washings, were evaporated in vacuo to small volume on an electric hot plato. 
The final fluid was removed by raising the flask from the hot plate and suclcing 
air through the hot flask to blow off tho remaining solvent, great care boing 
exercised to avoid overheating while the final fluid was being removed. Tho 
flasks were then placed in a desiccator until ready for estimation. In several 
experiments the fluid from the second extraction was similarly treated, but in 
no case was any significant amount of cholesterol detected. It was therefore 
concluded that tho first extraction removed all the cholesterol, but the second 
extraction of the tissue was always carried out so as to obtain strictly comparable 
values of fat-free dry weight. 

Estimation of cholesterol. The dry residues in tho “ Quickfit flasks were 
dissolved in 25 ml. of boiling chloroform and transferred quantitatively with 
2 X 10 ml. washings into 50 ml. glass-stoppered volumetric flasks. After cooling, 
the solutions in the flasks were mado up to 50 ml. with chloroform. Five ml. 
of this solution were transferred to a 25 ml. glass-stoppered graduated cylinder 
and the volume was mado up to 10 ml. with chloroform, except in the case 
where 10 ml. were used for the posterior columns of the tabetic cord. 

Standards containing 0-25 mg. and 0-5 mg. cholesterol in 10 ml. chloroform, 
prepared daily from a stock solution of cholesterol in chloroform of strength 
100 rog./100 ml., were placed in other 25 ml. glass-stoppered cylinders. Two ml. 
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sulphuric acid were added to 40 ml. acetic anhydride, the mixture being cooled 
in a refrigerator for about 10 minutes. Four ml. of this reagent wore added in 
turn at 3 minute intervals to each of the solutions of cholesterol in chloroform, 
first to the standards and then to the unknowns. The cylinders were shaken 
and placed in a water bath at 20° C. in the dark. After oxactly 30 mins each 
cylinder was removed and the intensity of the green colour which had developed 
was measured in a photoelectric colorimeter using a red filter. The “ blank ” 
consisted of a similar mixture of chloroform (20 ml.) and acetic anhj dride- 
sulpliuric acid mixture (8 ml). Tho blank mixture was first placed in two 
optically matched test tubes of an Evans electroselenmm photoelectric colon* 
meter or in two matched fused cells of a similar Unicam instrument. Readings 
were taken to ensure equality m optical density of the two blanks One of the 
blanlvs was then discarded and its tube or cell was filled successively with tho 
various green cholesterol solutions for estimation. The other blank was read 
before and after eacli reading to ensure constancy m galvanometer deflection. 
Each reading was made in duplicate for each solution. Tho changes m deflection 
measured on a logarithmic scale were found to be directly proportional to tho 
amount of cholesterol present. Known standards were included in every batch 
of estimations. 

The above is a modification of the method of Sperry and Brand (1943). 
Saponification of cholesterol esters was not earned out This might have 
diminished the results by as much as 10 per cent if all the cholesterol were 
present in ester form, since cholesterol esters give a slightly more intense colour 
with acetic anlijdnde and sulphuric acid than free cholesterol (Sperry and 
Brand), however, Rossitor and his colleagues liavo shown that nearly all the 
cholesterol of normal white matter is free cholesterol so that littlo was to be 
gamed by saponification which would liavo involved further manipulations 
with possible loss It would, of course, be of interest to know what proportion 
of the cholesterol of tabetic posterior column is free cholesterol, but even if 
all the remaining cholesterol is present as esters tins would only have the effect 
of making the very low recorded v alues a little lower still 

Recovery of cholesterol. The amounts of cholesterol extracted varied from 
1-5 mg. depending on the amount of tissue excised. Solutions containing 
respectively 2 mg. and 5 mg. of cholesterol dissolved in 20 ml ethanol ether 
were refluxed for 2 hrs. and then ovaporated to dryness and dissolved m 
chloroform as in the treatment of tho extracts of spinal cord. Estimation 
showed these solutions to contain 1 89 and 4 7 mg. of cholesterol, representing 
a recovery of 94*5 and 94 per cent respectively. In another experiment using 
2 mg. of cholesterol tho recovery was 97 per cent. 

Histological technique. Blocks of each spinal cord wore mordanted in 
bichromate fluoride for 6 7 days and then embedded in paraffin-wax. Sections 
wore cut and stained for myelin by the Weigert-Pal method and by Sudan 
black. Sections were stained for 7 mins, with a saturated solution of Sudan 
black m 70 per cent, ethanol; after washing off the stain with 70 per cent, 
ethanol the sections were mounted in glycerol-jelly. This convenient 
adaptation of Ciaccio’s method (Lison, 1936) gives a very similar picture to 
that obtained by the more lengthy Wcigert-Pal procedure; furthermore, it 
more rationally demonstrates the lipids of the mjelin sheaths Fig. 1 
shows a section of normal spinal cord stained by Sudan black after Woigert 
mordanting. 

When pieces of spmal cord were examined after excision of the tracts, routine 
staining with Ehrlich's lucmatoxylin and eosin was employed to ensure that 
the grey matter was mtact In two experiments with normal spinal cords 
tho pieces remaining after excision of the tracts were examined by tho Sudan 
black procedure. Fig. 2 shows a section fromt Ins material which illustrates 
the method of excision. 
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Results 

Considerable diminution in stainable bpid accompanied the loss 
of myelin in tabes dorsalis. Fig. 3 is a photograph of a section of 
the tabetic cord stained by Sudan black, and fig. 4 shows tho same 
tissue stained by the Weigert-Pal method. It is apparent that tho 
demyelination of the posterior columns brings about a most pronounced 
loss of lipid. On the other hand, sections from all the four normal cords 
showed uniform intensity of coloration of both posterior and lateral 
columns by both methods (fig. 1). 

In tabes dorsalis a marked fall in cholesterol content accompanied 
the loss of myelin. Table I gives the results of analysis of the four 

Table I 


Cholesterol content of four normal spinal cords 


Spina 1 cord 

Experiment 

no. 

No. of months 
hi 

fonnol-saline 

Level of piece 
of cord 
analysed 


| I. 

m 

A 

i 

3 

lumbar 

0-45 

'mm 

1-18 


4 

6 

tlioracic 

0-45 

0-43 

f 


6 

7 


0-47 

0-46 

B| 


8 

7 


0-45 

0-53 

SBtiJ: ! 


10 

7 


0-45 

0-54 



14 

ii 

>» 

0-49 

0-54 

0-91 


Mean 



0-461 

0-479 

0-97 

B 

11 

0-25 

thoracic 

0-54 


1-23 


12 

0-25 

lumbar 

0-51 

0-39 

1-30 


Mean 



0-525 

0-415 

1-26 

C 

15 

0-3 

thoracic 

0-61 

0-64 



16 

0-3 


0-62 

0-61 



21 

3 


0-56 

0-52 



22 

3 

lumbar 

0-59 

0-46 

1-28 


Mean 



0-595 

0*oo7 


D 

19 

0-5 

thoracic 

0-56 

0-66 

0-85 


20 

0-5 


0-62 

0-63 

0-98 


23 

3 


0-44 

0-52 

0-87 


24 

3 

It 

0-52 

0-45 

1-10 


Mean 



0-535 

0*oG5 

0-96 


Each experiment refers to analysis of posterior and lateral columns excised from 
a piece of cord 1-2 cm. long. 

P represents mg. cholesterol/mg. fat-free dry weight of posterior column. 

Is represents mg. cholesterol/mg. fat-free dry weight of lateral column. 

normal spinal cords A, B, C and D. The mean amounts of cholesterol 
in the posterior columns were respectively 0-46, 0-52, 0-59 an 
0-53 mg./mg. fat-free dry weight. In the tabetic cord (see table II) 
the cholesterol content was constantly much lower, at eraging 0 - 
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Fig i —Normal spinal cord from case C Sudan 
black x 6 



Fio 2 —Normal spinal cord from case C 
after excision of tracts for analysis 
Sudan black X 0 



Fig 3 —Tabetic spinal cord from case E Sudan black x G 



Fio 4 —Tabetic spinal cord from case E This section was from 
the same block as fig 3 Weigert Pal x G. 
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mg./mg. fat-frco dry weight. The cholesterol contents of the Intoral 
columns averaged 0-4S, 0-41, 0-56 and 0-5G mg./mg. fat-free dry 
weight respectively for the same four normal spinal cords, and 
0-37 mg./mg. fat-freo dry weight for the tabetic cord. 

Unfortunate^, only one tabetic cord was available. Howevor, the 
highly consistent diminution of cholesterol content of all the samples 
of the posterior columns of the tabetic cord, to less than one half of 
the values found for the posterior columns of the normal cords 
(tables I and IX), justifies tho conclusion that the change is a significant 


Tmii.i: XI 

Cholesterol content of tabetic spinal cord 


Spinal Cord 

F\p<?rlmcnt 

no 

So of month* 
In 

formal *allno 

Level of piece 
of cord 
anal\*cd 

r 

L 

P/L 

E 


3 

lumbar 

0 20 

0 36 

0 66 


3 

r» 

thoracic 

0 21 

0 30 



5 

7 


0 20 

0 35 



7 

7 


0 22 


0 55 


0 

8 


0 22 

0 37 

H < 


13 

11 


0 22 

0 30 



17 

13 


0 21 

0 40 



18 

13 

cervical 


0 35 

■i 


Mean 



0 204 

0 372 

0 55 


Each experiment refers to analysis of posterior and lntcrnl columns excised from 
a piece of cord 1 2 cm long 

p represents mg eliolosterol/mg fat free dry woiglit of posterior column 
I, represents mg cholestcrol/mg fnt freo dry weight of lntcrnl column. 

chemical concomitant of tho loss of myelin. The figures suggest that 
there may he also a slight fall in cholesterol content of tho lateral 
columns m tabes but the figures are more variable and the difference 
is much less pronounced than in the posterior columns. 

Tho ratio of tho cholesterol content of the posterior column to the 
cholesterol content of the lateral column (P/L ratio) bears out this 
conclusion (tables I and II). Dual samples from posterior and lateral 
columns wore always analysed simultaneously and thus the use of 
tho ratio eliminates any errors due to slight day-to-day variation in 
technique. The P/L ratio for normal cords (1G dual samples from 
4 cords) varied from 0-83 to 1-30, tho over-all mean being 1-033. In 
tabetic cord (8 dual samples from 1 cord) the value of P/L was 0-43- 
0-59 with an average of 0 55. Mr N. T. J. Bailey has kindly examined 
tho P/L values by statistical methods and finds that among the four 
normal cords A, B, C, D the variation between cords is no greater than 
the variation within cords. Thus the 1G values of P/L can be regarded 
as a homogeneous group. Tho ono tabetic cord E shows much loss 
variation (in fact a little more than 1/10 of the normal) among its 
8 values of P/L. In order to attempt a comparison between the single 
tabetic cord and the normal cords we might assume that the variation 
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between different severely tabetic cords is no greater than the variation 
in normal cords. Thus comparing the tabetic mean (0-55), regarded 
as a single observation, with the mean of the 16 normal cords (1-035), 
the tabetic average is significantly lower than the normal average 
(P< 1 per cent.). 

It might be held that diminution in the cholesterol content of the 
posterior columns in tabes, expressed on the basis of fat-free dry 
weight, results from increase in the fat-free dry weight owing to 
replacement of myelin by glial tissue, without any absolute decrease 
in cholesterol. It is, however, extreme^ improbable that the fat-free 
dry weight of the posterior columns could be increased in tabes when 
there is at the same time such pronounced wasting of these tracts. 
To test this point further, we have measured the cholesterol content 
and the fat-free dry weight of the entire posterior columns of pieces 
of normal and tabetic cord, each 1 -0 cm. in length. The whole posterior 
columns were excised from two cylindrical pieces of mid-thoracic 
cord, each 1-0 cm. in length, taken from cord A (normal) and cord E 
(tabetic) ; the complete tracts were readily gouged out with a U-shaped 
incision aided by spontaneous fission along the posterior horns and the 
commissure of the grey matter. At this level of the spinal cord the 
grey matter is extremely scanty, so that the quantity of grey matter 
included in the excised pieces would be negligible. The fat-free dry 
weight of the entire posterior columns from each 1-0 cm. length of 
cord was 15-5 mg. for cord A (normal) and 8-3 mg. for cord E (tabetic). 
The cholesterol content expressed in mg./mg. fat-free dry weight was 
0-46 for the normal posterior columns and 0-17 for the tabetic posterior 
columns, while expressed in mg./cm. of whole posterior columns, the 
cholesterol values were respectively 6-S for the normal cord and 
1 -45 for the tabetic cord. Thus the fraction of the cholesterol lost in 
tabes for each 1-0 cm. length of entire posterior columns is considerably 
greater than the fraction lost per mg. fat-free dry weight, owing to 
the fall in fat-free dry weight of the whole tabetic posterior columns. 

It is therefore clear that the low values for cholesterol content 
of the posterior columns observed in this severe case of tabes dorsalis, 
when expressed in mg./mg. fat-free dry weight, give an extremely 
conservative estimate of the loss of cholesterol. That these values 
are indeed so low in comparison with those for normal posterior columns 
and also as compared with the values for tabetic lateral columns, 
emphasises the magnitude of the loss of cholesterol from the posterior 
columns in tabes. This profound loss of cholesterol thus reflects the 
outstanding histological and histochemical features of the disease, 


Summary 

1. Samples of the posterior columns of a tabetic spinal cord 
contained consistently less than one half the cholesterol found in 
similar samples from four normal spinal cords. 
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2. The amounts of cholesterol in both posterior and lateral columns 
in each of 1G cylindrical pieces of normal spinal cord were determined. 
The mean ratios of the cholesterol contents of posterior to lateral 
columns averaged 1*035. The same ratio averaged 0*55 for 8 similar 
cylindrical pieces of a tabetic cord. 

We are grateful to Professor H. R. Dean for his interest in this work and 
to Dr A. M. Barrett and his staff for their helpful co-operation in providing us 
with material. Mr N. T. J. Bailey, Statistician to the Department of Medicine, 
has given us valuable advice on the results, and provided the statistical analysis. 
We also wish to thank Mr D. Madin for his competent technical assistance and 
Mr S. Patman for the photomicrography. 
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A SARCOMA OF BONE IN A RING-TAILED 
LEMUR (LEMUR CATTA) 

R. Warwick 

Anatomy Department, Manchester University 

(Plates LXXXVI-LXXXVIII) 

The animal which ig the subject of this report, a female lemur (Lemur 
catta), was on exhibition in the Zoological Gardens, Belle Vue, 
Manchester. The advice and help of this, department was sought 
on account of a’ largo and chronic swelling of the animal’s left wrist. 
It was soon evident that the mass was a neoplasm of some kind, and 
it proved to be an osteosarcoma. 

Fox (1923), in a series of 5305 autopsies on mammals and birds 
in the Philadelphia Zoological Gardens, encountered only 94 neoplasms, 
1 of which, a papillary adenoma of the prostate, occurred in a lemur. 
In an earlier series, Pox (1912-13) had seen no -tumours at autopsies 
on 328 primates and 00 lemurs. Ratcliffe (1933) extended the Phila¬ 
delphia records up to 1932, incorporating the earlier reports of Fox 
(1923). Including lemurs, 1555 primates in all woro examined after 
death and 11 tumours were observed. Only one of those reported 
by Ratcliffe (1930) was derived from bone, a giant-cell tumour in a 
chacma baboon ( Papio porcariits). Ratcliffe draws attention to the 
rarity of bone tumours in captive wild animals as a whole. White 
and Fox (1910) recorded an osteochondroma in a cat. The Annual 
Reports of the Pathologist of the London Zoological Society indicate 
a very low incidence of neoplastic disease. Plimmer (1910) reported 
a renal sarcoma in a lemur, and Scott (1920) discovered multiple 
hydatid cysts in the lungs of another specimen (Lemur catta), but 
nothing resembling tlio neoplasm recorded here appears to have been 
recorded in a lemur, nor, indeed in any primate. 

Case report 

The animal reached Belle Vue Gardens in September 1940, when 
its age was estimated at approximately 18 months. It remained 
active and in good health until June 1949, when a small double 
swelling was noted on the dorsum of the left carpus. This was at first 
considered to be an abscess. It remained stationary in size for some 
months and appeared to interfere little with the animal’s activities. 
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During April 1950, about 10 months after its appearance, the tumour 
was noted to be enlarging rapidly. A further period of growth was 
noted in July 1950, and by this time it had become large and heavy 
enough to impede movements. The lemur was also seen to be feeding 
poorly, suggesting some effect upon her general health. By September 
1950, the tumour had become so enormous and the animal so miserable 
that it was transferred to this department for examination and, if 
practicable, operation. 

When first seen the lemur was docile, inactive, sluggish in move¬ 
ment, and had completely lost the lively and acrobatic behaviour 
typical of its kind. It moved only when necessary, obviously finding 
the mass on its left forearm a great embarrassment, which was hardly 
surprising in view of the tumour’s weight (250 g.) compared with that 
of the animal (2-22 kg.). The left manus was kept tightly clenched 
and was not used for grasping. In walking the creature’s weight 
was rested upon the dorsum of the tumour, a practice which had 
created an area of excoriation. Appetite was capricious, and the 
lemur whimpered frequently, as if in almost continuous pain or 
discomfort. 

The appearance of the tumour is shown in fig. 1. The mass 
surrounded the lower forearm, carpus, and partially the metacarpus, 
the remaining part of the hand appearing as an excrescence upon 
the distal aspect of the tumour. On palpation the mass was very 
firm, slightly elastic, and contained in its dorsal part an irregular area 
of bony hardness. The skin was tense and excoriated from a circular 
area on the dorsum of the tumour. The whole mass was slightly 
mobile. It appeared to be limited to the lower forearm and carpus. 
No secondary tumours were detected in the axilla or elsewhere by 
palpation. 

In X-ray photographs the density of the neoplasm obscured the 
bones involved within it, but comparison with the normal limb 
suggested changes in the radius, ulna and carpus (fig. 2). There was 
no radiological evidence of metastasis. 

A provisional diagnosis of osteochrondroma or osteosarcoma was 
made. In view of the absence of metastases, and to satisfy all those 
interested that no trial had been rejected to save the limb, it was 
decided to explore the tumour. This was done by Mr A. B. Williams, 
under fight intravenous nembutal anaesthesia. The mass ensheathed 
the bones and soft tissues of the lower half of the forearm, the entire 
carpus, and proximal metacarpus. It was continuous with these 
bones, and the forearm flexors and extensors disappeared into its 
depths. The bulk of the tumour was clipped away leaving the bones 
and muscles intact as far as possible. This procedure left portions 
of the tumour tissue in the distal part of the interosseous space and 
carpus, the constituent elements of which were partially obscured. 
Owing to this disorganisation of the carpus the hand could be moved 
en masse from side to side relative to the forearm. It was obvious 
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Fig I —Anterior aspect of the tumour which engulfs the lower foreirm and carpus 
the manus projecting beyond the mass The el in of tlio palm is stretched and 
shining 
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Fiq 2—Radiograph of tlio neoplasm in situ showing even density o\cept over the 
dorsum of the carpus vrlicro a denser area of bone formation is \ isible The hand 
is superimposed upon the tumour 



Tto 3 —Radiograph after resection of the bulk, of the tumour show ing disorganisation 
of the carpus and m\ asion of the lower end of the radius 
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Osteosarcoma iv a lemur 



Fig. 4.—Cut surface after bisection of the neoplasm showing superficial blood cjsts 
at periphery, a central area of bone and the main mass of non-calcified osteoid 
tissue, c. natural size. 



Fig. o —Photomicrograph of an area of tumour tissue. 
Hremnlum and eosin. x 125. 
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that further resection, if sufficiently radical, -would mutilate the 
extremity bejond hope of any functional result, and therefore a 
lethal doso of nembutal was administered before recovery from the 
anaesthetic 

Autopsy confirmed the involvement of the bones of the left fore- 
ovtremitj A radiograph showed disorganisaton of the carpus and 
lm asion of the lower end of the radius (fig 3) No secondary tumours 
were found and the lymph nodes of the left axilla were not involved 
X-ray photographs of the extupated tumour showed an area of diffuse 
calcification near its centre, but nono at the periphery On section 
the mam mass of the tumour consisted of non-calcified osteoid tissue 
with a central area of bone (fig 4). 

Tlio following roport upon the histology of the tumour was supplied 
by Professor S L Baker 

Osteosarcoma Sections show a tumour composed mainly of non- 
calcified osteoid tissue arranged as a spongework of closely-packed 
irrogular trabecula! The spaces botw een the trabeculie contain vessels, 
osteoblastic cells and a fan number of multinueleated osteoclasts 
The osteoblastic tissue show's cytological evidence of malignancy 
and the osteoid tissue shows a much greater cell content than normal 
The general appearances are similar to those seen in some human 
bone sarcomas (fig 5) 

Summary 

An osteosarcoma involving the radius and carpus was found in a 
lemur (L cat/a) from the Bello Vuo Zoological Gardens at Manchester 
No secondaries were detected clinically or radiologically An attempt 
was made to remove the neoplasm, but it was seen that amputation 
would have been necessary, and the lemur was destrojed by an 
overdose of amesthetic Autopsy and microscopic examination of 
the tumour confirmed the diagnosis of osteosarcoma. 

The author is indebted to Professor GAG Mitchell for his interest and 
help, to Professor John Morley for his surgical advice, to Mr A F Williams for 
attempting removal of the neoplasm, and to Professor S L Baker for his 
pathological roport Mr Gerald lies, Superintendent of the Belle Vue Zoological 
Gardens, kindly permitted him to make this roport and furnished the details 
of the animal 9 history Thanks aro duo to Mr P Howarth and Mr F L Newell 
for the photographs and radiographs 
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MYXCEDEMA: AN AUTOPSY REPORT WITH HISTO- 
CHEMICAL OBSERVATIONS ON THE NATURE 
OP THE MUCOID INEILTRATIONS 

Douglas B. Brewer 

From the Department oj Pathology, University of Birmingham 

(Plates LXXXIX and XC) 

Since the Report of the Committee of the Clinical Society of London 
on myxcedema published in 1888 there have been few reports of 
autopsies on untreated cases of myxcedema probably because treat¬ 
ment of the disease with thyroid extract was introduced by 6 . R. 
Murray of Manchester in 1891. 

Means (1948) reviewing the experience of the Thyroid Clinic of 
the Massachusetts Goneral Hospital could report records of only 
9 post-mortem examinations on cases of myxcedema in 30 years and 
only 3 of these were on untreated cases. During this time 600 cases 
of myxcedema had passed through the clinic, Most of the published 
reports are of single cases, many of them treated. Tho outstanding 
exception is the paper by Bastenio (1944) giving an account of 10 
untreated cases. 

As a consequence of this paucity of anatomical material there are 
still many unanswered problems regarding tho disoase. The present 
study was directed particularly to the nature of tho so-called mucoid 
infiltrations and tho changes in the myocardium. 

Clinical history 

Tho patient was a man of 66 who, for 10 years, had suffered from weakness, 
lethargy, broathlessness and constipation. Clinically he presented the picture 
of an ohvious, advanced case of myxcedema. 

The basal motabolic rate was minus 34 per cent. The serum cholesterol was 
400 mg. per 100 ml., tho total scrum proteins 7-25 g. per 100 ml, and sorum 
albumin 5*2 g. per 100 ml. The electrocardiogram showed sinus rhythm 
with a rate of 63 per min., ventricular extra-systoles and left ventricular 
preponderance. 

The patient was given thyroideum (B.P.) gr. f t.d.s. for one day. Early 
the next morning he suddenly collapsed and died in a manner suggesting 
coronary thrombosis. 

Post-mortem undings 

The body was that of a pale obese man with a protuberant abdomen. 
Both hands and feet wero slightly swollen. There was only slight 
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loss of hair on the eyebrows. Both eyes showed a mild purulent 
conjunctivitis. There was oedema of the subcutaneous and retro¬ 
peritoneal tissues and slight suhperitoneal oedema showing especially 
over the stomach. The oedema fluid was clear and was not easily 
expressed from the tissues. There were moderate bilateral pleural 
effusions and a pericardial effusion, all of clear yellow fluid. 

The heart was enlarged (wt. 600 g.) mainly owing to marked left 
ventricular hypertrophy. The tricuspid, pulmonary and mitral valves 
were normal but the aortic valve showed marked calcification of all 
its cusps. The coronary arteries showed patchy atheroma: there 
was no occlusion. The aorta showed moderately severe, but rather 
patchy, atheroma throughout its length and in its main branches. 

The thyroid, was small (wt. 20 g.) with thin fibrotic lateral lobes 
in which were scattered a few small nodules of surviving thyroid 
parenchyma. The adrenals (combined wt. 15 g.) and pituitary were 
macroscopically normal. The thymus was almost completely atrophied 
to fatty tissue. 

The tongue was large but its epithelial covering appeared normal. 
The oesophagus was normal. The stomach had a number of raised 
circular patches in the mucosa, 0-5-1 cm. in diameter, most numerous 
along the lesser curve. The small intestine was normal. The pelvic 
colon appeared longer than normal and was folded sharply on itself 
several times. The liver (wt. 2500 g.), gall bladder and pancreas were 
normal and the spleen (150 g.) showed slight lymphoid hyperplasia. 

The epiglottis and larynx were slightly cedematous. The trachea 
and main bronchi were normal. There was atrophic emphysema of 
the lungs with congested lower lobes and a small calcified scar at the 
apex of the left lung. 

The genito-urinary system was normal except for small bilateral 
hydroceles. 

The cerebral vessels showed severe atheroma in the form of numerous 
closely set discrete nodules especially along the basilar artery. The 
brain and meninges were normal. 

Histology 

There was very slight patchy increase in fibrous tissue in the 
cardiac muscle but the fibres generally were not more separated than 
normal. In a few fibres the central area was replaced by a slightly 
granular amorphous mass of faintly basophilic material which replaced 
the sarcoplasm in the centre of the fibre and extended along its length 
being bounded on either side by a thin band of normal sarcoplasm 
(fig. 1). The deposits occurred in varying relationship to the nucleus 
and occasionally extended along a branching connection from one 
fibre to the next. 

The epithelium of the tongue was slightly thickened and the sub- 
epithelial tissues showed a mild lymphocytic infiltration. Between 
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this layer and the muscles of the tongue thero was a broad band of 
mucoid infiltration lying parallel to the surface (fig. 2). It stained 
deeply with hsematoxylin. The muscles of tho tongue showed separa¬ 
tion of the bundles and of tho fibres, but tho fibres themselves were 
normal and showed no niucoid infiltration. Tho fibres of tho psoas 
muscle were widely separated by oedema but wero not infiltrated with 
mucoid substance. 

Thore was moderate atrophy of tho epidermis. Tho superficial 
dermis showed a slight diffuse infiltration with a faintly basophilic 
mucoid substance. 

Thero was no normal thyroid tissuo. It was roplaced by donse 
fibrous tissuo in which wore cellular islands made up mainly of densely 
packed lymphocytes with a few small thyroid acini scattered among 
them. The adrenal cortex was thinned. There was no sharply defined 
zona glomerulosa and in places tho zona fasciculnta appeared to 
extend right up to tho capsulo. One small encapsulated nodulo and 
several partly encapsulated ones wero present in the cortex. Both 
eosinophil and basophil cells of tho pituitary were considerably reduced. 
They were roplaced by abnormal large chromophobe cells which wore 
mainly columnar in typo. They were closely set and arranged in 
small solid acini or very occasionally in short, somotimes branched, 
trabecula!. Scattered throughout tho pars anterior were a number of 
calcified spherules ; somo wero laminated and several were surrounded 
by a ring of abnormal chromophobe cells. 

The seminiferous tubules were more widely separated than normal 
and both spermatogenesis and tho number of interstitial cells wore 
markedly reduced. There was moderate post-mortem autolysis of 
the epithelium of tho prostate but no mucoid degeneration of tho 
muscle fibres. 

Mild pseudomelanosis was present in tho mucosa of tho colon. 
No mucoid infiltration of the subinucosa or the muscle coat was found 
in the colon or the stomach. The splenic pulp was congested and 
there was some hyaline thickening of arterioles. Tho lungs were 
oedematous with a few small areas of early bronchopneumonia. Only 
slight centrilobidar congestion was seen in the liver. In tho hidneys 
a few glomeruli were hyalinisod and a small amount of albuminous 
material was present in the proximal convoluted tubules. 


Histocheiiicai, Observations 

The mucoid infiltrations in the heart and tongue were investigated 
using the following techniques on paraffin sections 

(a) Staining with Schiff’s reagent after oxidation with 0-1 per cent, 
periodic acid (McManus, 1948). The sections were counter- 
stained with edicol pea-green. This method is referred 
to as the P.A.S. method. 
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Fig. 5.—Edge of umbilical cord. Control 
section incubated in saline for 24 hours. 
Tohudmo blue. Green filter, x 400. 



Fio. 7.—Bronchial cartilage. Control section 
incubated in buffer solution only for 4 
hours. Toluidmo bluo. Magenta filter. 
X4S. 



Fxo. 0.—Adjacent section to that in fig 5. 
Incubated w ith hyaluromdaso for 24 
hours. Tolmdino blue. Green filter. 
X 400. 



Fig. 8. — Bronchia! cartilage. Incubated 
uith diastase for 4 hours. Toluidme 
blue. Magenta filter. x48. 





MUCOID INFILTRATIONS IN MYXCDDEMA 


607 


hyaluroradase Tho metachromatio staining of the interstitial 
substance of the umbilical cord (figs 5 and 6) and of tho substantia 
propria of the cornea was almost completely abolished by incubation 
with liyaluronidase 

Lilhe (1949) reported that the strong metachromatio reaction of 
cartilage was abolished by exposure to the action of the enzyme 
diastase, but that the cartilage still stained with the PAS method 
This observation has been confirmed (figs 7 and 8) and it was found 
that the enzyme did not alter the motachrOmatic staining properties 
of the mucoid infiltration in the tongue 

The staining reactions of the myxoedomatous infiltration and of 
the normal control tissues are summarised m tho table 

Table 

Staining reactions of myzadematous and normal tissues 



PAS 

Meta 

chromasia 

with 

tohiiriine 

bluo 

Host acid 
HI of 
metl ylene 

1 lue uptake 

Effect of 1 \alurouI 
dase on “taimng 
reactions 

Effect of diastase 
on staining reaction 

Umbilical cord interstitial 

+ 

4- 

pH 5 

Metachromnsia 


tissue 




destroyed 


Bronchial cartilage 

4* 

4- 

pH 2 5 

Unchanged 

Metachromasia 






destroyed 

Bronchial mucin 

4- 

4- 

J>5 3 



Large bowel mucin 

+ 

4- 

pH 3 



Submaxillar} gland mucin 

4- 

4- 

pH 5 



Cornea substantia propria 

4* 

+ 

pH 5 

Metachromasia 






much reduced 


Myxcedemntous infiltration 






in (a) Skin 

4- 

4- 




(6) Tongue 

4- 

4- 

pH 2 5 

Metacliromasia 

Metachromasia 





shghtly reduced 

unchanged 

(c) Heart 

4- 

— 

pH G 

Staining with 

Staining with 





PAS unchanged 

PAS unchanged 


Sections of the tongue, heart and shin were also stained with 
Southgate’s mucicarmine The infiltrations m the dermis and tongue 
stamed but not those m the heart muscle 

Thus there are two distinct histochemical types of mucoid mfiltra 
tions m the tissues of this case of myxeedema The mucoid deposit 
m the muscle fibres of the heart stains sbgbtly with Ehrlich’s hsema- 
toxyhn and stains by the PAS method but does not stain meta- 
chromatically with toluidme blue and does not take up methylene 
blue at a more acid pH than 5 It still stains with PAS. after 
exposure to the action of ptyahn of sahva, diastase and liyaluronidase 
but it gives a negative Feulgen reaction and does not stain with 
mucicarmine or Sudan black B The deposit in the tongue stains 
deeply with hsematoxyhn and stains with PAS , it is strongly meta- 
chromatic and strongly acid, taking up methylene blue at pH 2 5, 
and the metachromatio stammg of the periphery of the infiltration 
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is reduced by hyaluronidase, but unlike cartilage is not affected by 
diastase. The infiltration of the myocardium is thus a weakly acid 
mucoprotein, whilst that in the tongue is probably a mixture of 
hyaluronic acid and a strongly acid polysaccharide resembling ^hon- 
droitin sulphuric acid. 

The deposits in the skin stain with P.A.S., stain metachromatically 
with toluidine blue and stain with mucicarmine. 

Discussion 

The nature of the mucoid infiltration and its relation 
to the oedema 

In 1878 Ord published the results of chemical investigations done 
for him by Charles on the tissues of a case of myxcedema, showing, 
he claimed, that there was 50 times more mucin in the skin than in 
normal skin. This increase in mucin led him to propose the name of 
myxcedema. Similar results were reported by Victor Horsley (1885) 
in monkeys rendered myxcedematous by experimental removal of the 
thyroid. 

The Committee on Myxcedema of the Clinical Society of London 
was unable to find more than a slight increase in the mucin content 
of the myxoedematous tissues as compared with normal. Since then 
there has been no further effort to resolve this conflict of view and 
I could find no record of any modern investigation into the chemical 
nature of the infiltrations in generalised myxcedema associated with 
thyroid atrophy. In pretibial myxoedema, however, Watson (1946) 
and Watson and Pearce (1949) found approximately three times as 
much hyaluronic acid and twice as much chondroitin sulphuric acid 
in the skin as is normally present. 

From the histochemical observations here reported it is likely 
that the infiltrations in the skin in generalised myxcedema are 
essentially similar in type to those in pretibial myxoedema. Un¬ 
fortunately, the present observations on the infiltrations of the dermis 
were incomplete owing to the small amount of mucoid infiltration 
present and the inconstant presence of the infiltration from section 
to section. However, histochemical examination of the skin in 
myxoedema is of doubtful value as hyaluronic acid is a normal 
constituent of skin (Wislocki, Bunting and Dempsey, 1947 ; Watson 
and Pearce, 1949). The tests would almost certainly have to be 
quantitative. 

The swelling of the tissues seen in advanced myxoedema differs 
from ordinary oedema in several ways. As shown by Byrom (1933-34) 
there is an increase in extracellular fluid which contains an abnormal 
accumulation of protein. The swelling does not pit on pressure and 
at autopsy, as noted by Ord (1878), the swollen and apparently 
oedematous tissue retains its fluid even when cut up into small pieces. 
Byrom suggested that the extracellular extravascular accumulation 
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of protein, although of a large molecular weight, exerted sufficient 
colloid osmotic pressure to opposo that of the plasma proteins and 
so increased the interstitial fluid, but this theory does not account for 
the apparent immobility of the increased interstitial fluid It seems 
probable that the abnormal cxtravascular protein is conjugated with 
hyaluronic acid and chondroitm sulphuric acid or some other strongly 
acid mucopolysaccharide Such conjugates would probably be of 
too largo a molecular weight to exert an effective osmotic pressure 
but they form hydrophilic suspensoids and are ablo to attract water 
very strongly Such water becomes firmly bound, probably by 
hydrogen bond formation, to tho hydrophilic groups in the molecule, 
especially to tho polar groups (Bull, 1943), and so the strongly acid 
mucoprotem would bo especially active If the suspensoid is in the 
form of a gel this mechanism causmg an increase in interstitial fluid 
accounts for the firm non-pitting nature of the swelling When the 
mucoprotem is broken down under the influence of thyroxine, as 
Byrom showed, tho interstitial fluid is fireed, a rapid diuresis results 
and the swellings disappear 

An analogous condition develops m the swelling of tho sexual @km 
of Rhesus monkeys Here, too, infiltration of tho skin contains a 
mucoprotem which appears and disappears with tho codema OgSton 
el al (1939) considered that the most important factor was the presence 
m the tissues of fairly high concentrations of protein resembling plasma 
proteins, but Cham and Dutlue (1940) showed that tho mucin isolated 
from the swollen sexual skin of the monkey was broken down by 
hyaluromdase Recently Duran Reynals et al (1950) reported that 
local collapse of the sw ollen sexual skm of the monkey resulted from 
mjectmg hyaluromdase This suggests that the mucoprotem attracts 
and retains water and that the mechanism of tho swelling of the 
sexual skin of tho monkey is similar to that suggested for the swelling 
of the tissues in myxoedema 


The mucoid infiltration of the myocardium 

Since 1918, when Zondek described the chmcal entity of “ myx- 
oedema heart ”, there have been many papers describing tho histological 
changes found They include myocaidial fibrosis (Higgins, 1936), 
vacuolation of the muscle fibres (La Due, 1943 , Means, 1948), mtor- 
stitial cedema (Bastemo, 1944 , Means, 1948) and other unspecified 
nuclear and cytoplasmic changes, with, m one case, true myxoedematous 
interstitial infiltration (Bastemo, 1944) Several papers, however, 
describe mucoid infiltration of the striated and non striated muscle 
fibres and of the fibres of the myocardium as found in the present case 

In 1906 Marchand described basopluhc deposits around the nuclei 
of the muscle fibres Schultz (1921) showed that the mucoid deposits 
m the muscles of a cretin were not metacliromatic and he suggested 
that they were chromatin that had escaped from tho nuclei This 
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suggestion was refuted by Dietrich (1940-41) who described deposits 
in the myocardium and skeletal muscles of a case of polyglandular 
dysfunction. He showed that they were Feulgen negative. Poster 
and Barr (1944) described widespread infiltrations in the muscles of 
a woman who had suffered from myxcedema for 12 years and suggested 
that the basophilic material was a form of mucoid. Doerr and 
Holldack (1947-48) reported a case of myxcedema of some years’ 
standing showing very numerous areas of basophilic degeneration of the 
myocardium. They suggested that as these areas were so numerous 
they were to be considered as being the histological characteristic of 
myxcedema heart. 

Basophilic degeneration of muscle fibres has not been produced 
experimentally in animals by thyroidectomy (Bensen, 1902 ; Tatum, 
1913 ; Webster and Cooke, 1936) but it has been found by several 
observers in a large proportion of normal human hearts. Thus 
Haumeder (1935) found it in 107 of 302 hearts. These findings have been 
confirmed by Liebegott (1936-37) and TJmeda (1940-41). Liebegott 
found the infiltrations in 21 of 50 hearts and Umeda in 117 of 145 
hearts. The deposits occurred without obvious relationship to age 
or disease. Their relationship to myxcedema was made clear by 
Fisher and Mulligan (1943) who counted the number of infiltrations 
in measured areas of hearts from myxcedematous and non-myx- 
oedematous patients. The lesions were present in 67 of 142 control 
cases ; in 56 cases less than 5 fibres being affected, the remaining 
11 cases showing an average of 7-7 affected fibres. Eight cases of 
atrophy of the thyroid showed an average of 40-5 affected fibres. 
Thus, although the presence of a few areas of basophilic degeneration 
is of no significance, these areas are extremely numerous in myxcedema, 
and the great increase in their numbers constitutes the histological 
characteristic of the myxcedema heart. 


The changes in other organs 

Ceelen (1921) and Bastenie (1944) described narrowing of the 
cortex of the adrenal with some loss of the zona glomerulosa and 
nodule formation in the remaining cortex. These changes are identical 
with the so-called “ senile involution ” which the adrenal cortex 
normally undergoes at about the fiftieth year of life (Aschoff, 1924) 
and their significance therefore is very doubtful, but they deserve 
further study as there is a good deal of experimental evidence, reviewed 
by Zarrow and Money (1949), for a complementary relationship 
between the thyroid and the adrenal. 

Bastenie (1946), in particular, has laid considerable stress on the 
changes in the colon producing severe constipation and abdominal 
distension. Although in the present case the colon was distended and 
elongated, there was no histological evidence of the mucoid infiltration 
described by him. The reduction in the eosinophil and basophil cells 
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in the pituitary and an increase m the number of chromophobe cells, 
many of which are abnormally large, agree with the findings of 
Bastemo The changes in the testes are those previously described 
in myxeedema (Marine, 1939) but their interpretation is open to 
question owing to the age of the patient Previous cases with testicular 
changes have been of about the same ago 


Summary 

1 A report is given of the post mortem examination of a virtually 
untreated case of myxeedema 

2 Histochemical studies were made of the mucoid infiltrations 
of the skin, tongue, and myocardium It was concluded that the 
infiltration m the tongue was probably a mixture of mucoproteins 
containing hyaluronic acid and chondroitm sulphuric acid whereas 
the infiltrations of the myocardium consisted of a histochemically 
distinct mucoprotein 

3 The relation of the mucoid infiltrations to the increased inter¬ 
stitial fluid found in myxoedema is discussed and the possibility of 
binding of water in the form of a hydrophilic susponsoid by the 
mucoprotein is suggested 

4 The pathology of “ myxoedema heart ” and its relation to the 
so called basophilic degeneration of the myocardium is discussed 

5 The findings in the other organs are briefly considered 

I gratefully acknowledge the encouragement and criticism of Professor 
J W Orr and Professor J R Squire I am also pleased to thank Mr R J 
Boscott of the Department of Anatomy, University of Birmingham, for the 
gift of a sample of h> oluronidase prepared by the method of rroeman et al, 
Dr W St C Symmers and Dr K Valtoris for valuable help with the German 
papers, and Dr O Brenner for permission to publish the caso report 
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THE MAST CELLS IN URTICARIA PIGMENTOSA 


J M Drennan 

From the Pathology Department , The Queen's University of Belfast 
(Plates XCI and XCII) 

TnE modem view that the mast cells secrete heparin (Holmgren and 
Wilander, 1937 , Wilander, 1938) has been strongly supported by 
recent work on the mast cells in various animal species (Oliver, Bloom 
and Mangieri, 1947 , Paff, Bloom and Reilly, 1947 , Julen, Snellman 
and Sylven, 1949-50) as well as m man (Ehneh, Seifter, Alburn and 
Begany, 1949) and is now widely accepted (Jorpes, 1947) 

Much remams to be learnt however, about the actual mechanism 
of secretion, and for the study of this problom the skin lesions of 
urticaria pigmentosa provido excellent material They are composed 
of tumour like collections of mast cells (Unna, 1896), which have been 
regarded either as congenital anomahes akin to naevi (Little, 1906 , 
Neisser, quoted by Little , Engman in discussion of Hartzell, 
1917 , Heimann, 1917 , Sezary, 1936) or as foci of a mast cell reticulosis 
(Cazal, 1942) In either event the individual mast cells are 
indistinguishable from the normal variety, and may be expected to 
display a normal activity perhaps accelerated by the disease process 
(Schafer, 1927) The accessibility of the skin lesions, the visible 
changes they undergo, and the ease with winch these may be controlled 
are additional advantages to commend the use of this tissue 

The present study of a typical case of urticaria pigmentosa has 
been undertaken both to confirm that the mast cells in man function 
as “ hepannocytes ” (Ehrstrom, quoted by Jorpes, 1946) and to 
investigate the process of secretion Tor this purpose the tram of 
events which follows mechanical irritation of the lesions has been 
studied m serial biopsies with the aid of histochemical methods 
capable of demonstrating compounds of heparin type 

Materials and methods 

A preliminary experiment was first carried out to determine the staining 
reactions of mast cells in normal tissues to the histochemical methods which 
it was proposed to use in the mam investigation Both human and rat tissues 
were examined The human tissues selected were tongue, where mast cells are 
normally plentiful (Williams, 1900), and oesophagus, where they can be identified 
readily by their proximity to the large veins in the submucosa The specimens 
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"were removed, within two hours after death to ensure good preservation of the 
mast cells, fixed overnight in 80 per cent, alcohol and embedded in paraffin. 
The sections were stained first by the periodic acid-Schiff’s reagent methocl 
(McManus, 1946 ; Hotchkiss, 1948) and the stained mast cells counted, after 
which the coverslips were removed, alcoholic toluidine blue applied as a counter¬ 
stain and the mast cells counted a second time. The results are shown in the 
table. 

The rat tissue chosen for examination was obtained from the prepuce, 
known to be rich in mast cells (Montagna and Noback, 1946), and was removed 
from a healthy adult female rat immediately after death by exsanguination 
under ether anaesthesia in the course of another experiment. The specimen 
was treated in the same way as the previous tissues and the result is illustrated 
in figs. 1 and 2. 

The case of urticaria pigmentosa was a typical example of the disease in a 
boy aged twelve. Biopsy specimens of the characteristic pigmented macules 
were taken during an active phase of the disease when general dermographism 
was present and the swelling of the lesions themselves could be provoked with 
ease. The local anaesthetic (1 per cent. Novocaine) was injected well away 
from, and deeply beneath, the selected lesions. The first specimen was an 
unstimulated lesion, the second a lesion which had been stimulated by firm 
stroking with a blunt point until full development of the swelling had occurred. 
The tissue blocks were fixed in 80 per cent, alcohol and embedded in paraffin 
as before. Deparaffinised sections were stained with toluidine blue, 1 per cent, 
in 1 : 40 alcohol (Sylven, 1941), with the periodic acid-Schiff’s reagent method 
(P.A.S.) and with the routine haemotoxylin and eosin stain. 

The special staining methods were selected because of their ability to 
demonstrate compounds of the heparin type (acid mucopolysaccharides) and 
the following brief account explains the rationale of their use. 

Periodic acid-Schiff's reagent method (P.A.S.). Mucopolysaccharides possess¬ 
ing two adjacent hydroxyl groups can be oxidised by periodic acid, yielding 
an aldehyde which is capable of reducing leukofuchsin to a red dye (McManus). 
Heparin does not always give the reaction owing to its variable chemical structure 
in which the parent compound, an ester formed by sulphuric acid and a complex 
mucopolysaccharide (Jorpes and Bergstrom, 1936), may exist at different levels 
of esterification. The most potent, that is the most highly esterified form of 
heparin, is incapable of reacting, since all its hydroxyl groups are occupied by 
sulphuric acid radicles (Jorpes, Werner and Aberg, 1948). Only the lowest 
member of the series, heparin monosulphate, has the appropriate chemical 
configuration for staining with the P.A.S. method (Jorpes and Gardell, 1948) 
by which it may thus be identified provided that controls are used to detect 
glycogen and hyaluronic acid, the only substances which in alcohol-fixed tissues, 
are likely to be present in sufficient concentration to give rise to confusion 
(Hotchkiss). In the present study, therefore, alternate sections were treated 
as controls by incubating them for an horn - at 37° C. in aqueous solutions of 
(1) the glycogenolytic enzyme diastasum (B.P.C.), (2) commercial hyaluronidase 
(“ hyalase ”, Benger). Further control sections were treated by Schiff’s reagent 
alone, without previous oxidation by periodic acid, in order to detect false 
reactions due to the presence of unsuspected aldehydes. 

Toluidine blue. Toluidine blue is a member of the group of basic dyes first 
used by Ehrlich (1877) for specific staining of the mast cells, to the granules of 
which it imparts a distinctive metachromatic tint. The colour reaction depends 
upon the acidic property of heparin and is due to the predominance at low pH 
levels, of a tautomeric form which differs in colour from the parent dye. The 
phenomenon is specific to the extent that mucopolysaccharides of heparin type 
are the most strongly acid of naturally occurring substances and hence give 
the most intense colour reaction (Lison, 1935). 



MAST CELLS IN URTICARIA PIGMENTOSA 


515 


Results 

The staining of human mast cells by toluidme blue 
and by the PAS method 

The figures recorded m the table represent the number of mast 
cells counted after each staining procedure, in the connective tissue 
occupying the narrow zone between the epithelium and the under 
lying muscle In the biopsy specimen the comparison was based 
upon the numbers counted in several of the clumps of mast colls in 
the subcutis 

Tab:!'. 

The staining of human mast cells by toluidme blue and by 
the P A S method 


Case 

Dhcno«U 

Organ 

PJVS 

rohtfdJnc 

Mu* 

1 Vale aged 55 

Comparatively sudden 

Tongue 

43 

155 


death lobar pneu 

(Esophagus 

65 

127 


monia 




2 Female aged 29 

Sudden death obstetric 

Tongue 

210 

377 


shock 

(Esophagus 

73 

194 

3 Femalo aged 26 

Sudden death coron 

Tongue 

28 

CO 


ary thrombosis 

(Esophagus 

80 

211 

4 'Urticaria pigmentosa 

Biopsj 

Affected 

equal 

numbers 



shm 

of mast cells 


Urticaria pigmentosa 

Unstimulated lesion The sections show the classical histological 
features of urticaria pigmentosa, described originally by Thm (1S77) 
and subsequently confirmed and elaborated by numerous authors 
(notably Unna, 189G, Richter, 1930-31 , Scolan, 1934, Graham, 
Schwartz and Foot, 1942) 

The mast cells arc arranged m densely packed chimps and columns 
which surround small blood vessels and hair follicles at the level of 
the middle and lower cutis Other mast cells penetrate between the 
acini of nearby sweat glands, accompany tho sweat ducts, and form 
loose connections betw een all the larger aggregations Tho mdiv idual 
mast cells are fairly uniform in size with an averago diameter of about 
20 microns and are rounded except when distorted by mutual com¬ 
pression into more or less angular shapes They possess small round 
or ov al darkly stained nuclei with dust like chromatin and one or two 
larger nucleoli There are occasional bi nucleated cells and others 
with bdobed nuclei No nuclei show mitotic activity In alcohol- 
fixed sections the characteristic granules of the mast cells are 
not stained by the routine luematoxyhn and cosm method, and the 
cytoplasm, no longer obscured by innumerable granules, appears as 
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a tenuous reticulum feebfy stained by eosin. The granules, however, 
are easily demonstrated by toluidine blue and appear as uniform, 
rounded, closely set bodies fi lli n g the cells and obscuring the nucleus. 
In size the granules resemble those of the eosinophil leucocyte. With 
toluidine blue the granules also show vivid metachromasia, staining 
a rich reddish-purple colour which is in marked contrast to the pale 
blue of surrounding tissues. In sections stained by the P.A.S. method 
(fig. 3) all the mast cells take the stain and the granules are bright red. 
Control sections after incubation in solutions of diastasum (BPC) 
and “ hyalase ” (Benger) show no diminution of metachromasia in 
staining when toluidine blue is subsequently applied. In the control 
section treated by Schiff’s aldehyde reagent alone the mast cells fail 
to stain. 

Stimulated lesion. Sections stained by hsematoxylin and eosin 
show certain morphological changes (fig. 4) ; the mast-cell clumps are 
smaller and more compact than those of the previous biopsy, and the 
nuclei, many of which have become spindle-shaped or irregular, are 
set close together as though the cells themselves had shrunk. A few 
eosinophils are present in the lesions, one or two in each mast-cell 
clump with others in and around blood vessels. The connective tissue 
throughout the section is mildly cedematous. 

In toluidine-blue preparations the form and distribution of the 
metachromatic material is greatly altered (figs. 5 and 6). Most of the 
mast-cell clumps now show patches almost free from metachromasia, 
where the cytoplasm of the mast cells is practically unstained and 
the nuclei are dark blue. In areas which are still strongly meta¬ 
chromatic, the stainable substance of the mast cells seldom appears 
in the usual granular form but is largely dispersed in sheets, branching 
filaments and irregular particles. 

Sections stained by the P.A.S. method (fig. 7) also show histo- 
chemical differences from the previous biopsy. The majority of the 
mast cells now stain faintly pink, although a few in each clump are 
still bright red. Generally speaking, these strongly stained cells are 
the only ones to give the metachromatic reaction when toluidine blue 
is applied as a counterstain. 


Subsidiary experiment 

The association of mast-cell changes with tissue oedema, observed 
in the stimulated lesion, suggested a comparison with other cedematous 
tissues. Accordingly, fresh human material from the following sources 
was selected for examination after alcohol fixation and staining with 
toluidine blue. 

1. Specimens of breast carcinoma after mastectomy. Cases were 
selected in which the subcutaneous tissue was obviously cedematous , 
several showed the “ peau d’orange ” caused by lymphatic blockage 
and all gave histological evidence of congestion and oedema. 2. A 
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Fio l —Rnt prepuce, alcohol fixation, 
P A fc> btmn ^ 100. 



Fig. 3. —Quiescent lesion of urticaria pig¬ 
mentosa Alcohol fixation, P.A.S. stain. 
All the mast cells linvo taken the stain. 
X400 



Fio. 2.—The section shown m fig* I.countci- 
stflined hy toluidino blue. Mast tells 
previously unstained uro now* revealed. 
X400. 



Fio. 4.—Activ o lesion of urticaria pigmentosa. 
In the mast-cell clumps the crowded nuclei 
represent mast cells m the discharged ” 
stato and tho spn< ed*out nuclei others which 
have not yet released their secretion. Alcohol 
fixation. Htcmatoxylin and eosin. x 00. 
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Mast CELLS in upticatia pigmentosa 



t« ic o—Act i\ e lesion of urticaria pig 
mentor A clump of mnst colls many 
of wl ich aro in tho discharged stnto 
only tho nuclei aro Msihlo and tho 
cytoplasm no longer contains stainahlo 
multri d Alcohol fixation Toluidino 
blue X 200 



lie 7 — \ctivo lesion of urticaria pig 
mentosn A group of discharged 
mast cells scarcely stained Alcohol 
fixation PAS stam X 200 



Fig G —Active IcRion of urticaria pigmen 
tosa Tho dnrl rounded nuclei represent 
discharged mast cells Tho other mast cells 
show some of tho feiturea of actiMty 


blue x1000 



Fig 8—Actne lesion of urticaria pigmen 
toss. The polymorphism of the mast cells 
is well shown Granulation is lading and 
two of the mast cells contain large incudes 
indicated by arrows Alcohol fixation 
Toluidine due x 400 
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chronic breast abscess, removed by mastectomy. 3. Amputated log. 
Amputation had been performed at mid-thigh level for arteriosclerotic 
gangrene of the foot. The specimen was taken from the region of the 
knee where subcutaneous cedoma had developed immediately before 
operation. 

Examination of the specimens showed that in all areas of acute 
oedema the mast cells showed changes identical with those in the 
sections from the stimulated lesion. Frozen sections of breast 
carcinoma stained by Scharlaeh R. using watery toluidine blue as 
a counterstain showed that the vacuoles in the mast cells did not 
contain lipoid material. 

Discussion 

The appearances observed in the biopsy specimens from the 
present case of urticaria pigmentosa are more easily assessed if the 
preliminary and subsidiary experiments are first discussed. 

The preliminary experiment confirmed previous reports of the 
staining of mast cell granules by tho P.A.S. method in the normal 
tissues of the rat (Jorpes, Werner and Aberg, 1948) and man (Pearse, 
1949) but showed that only a proportion of the mast colls reacted in 
this way whereas the granules in all of them stained metachromatically 
with toluidine blue. The interpretation of this finding in conjunction 
with controls carried out at tho same time is that normal mast colls 
vary in the type of heparin they contain. A proportion of mast cells 
contain the potent, highly esterified form of heparin, the remainder 
a less developed variety, heparin monosulphate. It is assumed that 
mast colls of tho second type are less mature than the others. 

In urticaria pigmentosa all the mast cells were immature by 
those criteria, and it is concluded that tho continual stimulation to 
which the lesions are subjected had prevented full maturation of the 
normal secretion product. 

Tho subsidiary experiment gave an indication of the conditions 
in which mast-cell secretion may occur by demonstrating that in 
the presence of acute oedema the mast colls of certain human tissues 
undergo changes identical with those seen in the biopsy specimens. 
Since trauma and urticaria were not among the causes of oedema in 
the control series it follows that these factors cannot be directly 
responsible for the mast-cell changes in urticaria pigmentosa. The 
presence of oedema fluid, common to both tissues seems, therefore, to 
be the immediate stimulus to the mast cells. 

The regulation of mast-cell activity in normal tissues is not yet 
understood but if these colls are to fulfil tho role of “ heparinoeytes ” 
tho ebb and flow of capillary filtration would serve as an ideal vehiclo 
for the transmission of heparin to the blood. 

The remarkable feature about the vacuolation and disruption of 
cytoplasm which have been described is the rapidity with which these 
events occur. The change resembles that of hydropic degeneration 
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except that hydration to bursting point develops within a few minutes 
of exposure to an isotonic solution, namely, oedema fluid. The explana¬ 
tion of this unusual occurrence may perhaps he in the fact that the 
mast-cell granules are composed of mucopolysaccharides, substances 
which, although feebly osmotic (Hammarsten, 1924; Jorpes, 1947), 
could rupture the cell by their ability, as hydrophilic colloids to 
absorb water and increase rapidly in bulk (Bensley, 1934; Day, 
1949). The amorphous gel so formed would replace the regular 
rounded granules of the quiescent mast cell, and it is precisely this 
transformation which has been observed. It may therefore be con¬ 
cluded that the changes occurring in the mast cells following mechanical 
irritation of the lesions of urticaria pigmentosa are consistent with a 
mass discharge of heparin; furthermore, it appears likely that the 
heparin, by absorbing water, procures its own release from the cells. 

For the identification of the mast cells, morphological appearances 
alone are sometimes insufficient (Westphal, 1880, quoted by Michels, 
1938). This is particularly true of urticaria pigmentosa where the 
mast cells may be discovered at any phase of their accelerated cycle 
of function with its associated changes of form. In this disease also, 
as the present study shows, the mast cells may lose even their ability 
to stain metachromatically with toluidine blue, a property previously 
regarded as certain proof of their identity (Maximow, 1913). It is 
not surprising, therefore, if the mast cells in the lesions of urticaria 
pigmentosa sometimes escape recognition, nor does it seem improbable 
that distorted and shrunken mast cells have been mistaken for lympho¬ 
cytes, plasma cells, fibroblasts and the ubiquitous “ mononuclears ” 
(fig. 8). The possibility of confusion with cells of other types makes 
it difficult to assess reports in the literature of scanty mast cells 
(Hartzell, 1917, case 2; Michelson, 1922), absence of mast cells 
(Sutton, 1917 ; Ormsby, 1917, quoted by Sutton; Biach and Kerl, 
quoted by Hartzell, absence of mast cells at one biopsy with 
reappearance on a later occasion (Hartzell, 1917 ; Wise, in discussion 
of Mount, 1926) or the presence of various adventitious cells (many 
references quoted by Schafer, 1927-28 ; Jadassohn, 1932-33). 

The identification of eosinophils alone of the adventitious cells 
may be accepted without reserve, since their striking bright red 
granulation always serves to distinguish them from altered mast cells. 
Apart from their presence in the stimulated lesions of urticaria 
pigmentosa (this case ; Jadassohn, 1932-33 ; Scolari, 1934) eosinophils 
have been reported in the stroma of mast-cell tumours of the horse 
(Sabrazes and Lafon, 1908) and dog (Bloom, 1942). The relationship 
thus appears significant. 

Summary 

1. The lesions of urticaria pigmentosa provide ideal material for 
the study of the mast cells in man. 

2. The application of histochemical methods to serial biopsy 
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specimens showed that all the mast cells m a case of urticaria 
pigmentosa contained heparm monosulphate, which they rapidly 
lost after stimulation of the lesions 

3 A proportion of mast cells m the normal tissues of man and 
the rat contain heparm at a higher level of esterification than the 
monosulphato and it is therefore concluded that, in the skin lesions 
of urticaria pigmentosa, full development of heparm is prevented by 
the continual stimulation to which the mast cells are subjected 

4 The changes which accompany secretion m the mast cells are 
described m detail Watery vacuolation and disruption of the cyto¬ 
plasm are accompanied pan pa^su by transformation of the character¬ 
istic mast-cell granules into an amorphous form 

5 In other human tissues, changes identical with those described 
above develop m mast cells in the presence of acute oedema Taking 
mto account the chnical evidence, it is concluded that in urticaria 
pigmentosa local tissue cedema provides the stimulus for mast cell 
secretion 

C The variety of appearances which the mast cells in urticaria 
pigmentosa present at different stages of activity may conceal their 
identity or cause them to bo mistaken for other cells 

Thanks are due to Professor J H Biggart for his support and to Dr J F 
Rilej, Dundee Royal Infirmary, for helpful criticism and generous assistance 
m the compilation of the paper 

The photography is the work of Mr D 3\IcA Meliaffey, ARPS, of the 
Pathofogj Department, the Queen's University, Belfast and of Kfr T C Doc{ds, 
FRPS.FIBP, the Pathology Department, the Unrv ersity of Edinburgh 
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alcohol on a slide placed on a -warm-plate maintained at 50° C. Plain water 
should not be used for flattening the sections as they tend to tear out of the 
wax. If the alcohol concentration is increased to 70 per cent, the sections fail 
to flatten. Excess fluid is removed with a cloth and the sections are dried in 
a 37° C. incubator. After 10 minutes or so they are ready for staining. 

Although it is probable that many staining methods may be used with 
success, Lillies azure-eosin technique (1948) has been found very satisfactory. 
To obtain a good colour balance it is necessary, after bringing the sections to 
water, and before staining, to mordant them in 1-0 per cent, buffered formalin 
for 2-3 minutes. 

The success of the method depends mainly on the quality of the dioxan. 
The suitability of a batch of dioxan may be readily assessed by observing the 
staining of the chick erythrocytes in the sections. With a good batch the 
cytoplasm of the erythrocytes stains pale pink by the azure-eosin method 
and the nuclear detail is clearly visible. With inferior grades the cytoplasm of 
the erythrocytes stains a brick red and nuclear detail is obscured. 

The technical grades of dioxan are useless for the purpose, and many of the 
analytical grades have not proved satisfactory. Uniformly good results have 
been obtained with fresh batches of Dioxan puriss (supplied by L. Light & Co., 
Colnbrook, Bucks, England). However, the very finest results have been 
obtained with two batches of highly purified dioxan which had been in the 
laboratory for some years ; therefore it may be that some ripening process may 
be desirable in addition to high initial purity. 

Modified method 

Chorio-allantoic membranes fixed by dioxan are delicate and tear rather 
easily during section. A more robust membrane is obtained by a small modifica¬ 
tion which has the further advantages that the stained sections are more familiar 
in appearance and that the purity of the dioxan is not so critical. For this 
modified method all the batches of dioxan of analytical grade have proved 
equally satisfactory. The only change is in the first step of the basic method. 

Just before use, a fixative is prepared by saturating methyl alcohol at room 
temperature with potassium dichromate, and adding neutral 10 per cent, formed- 
saline to a final concentration of 10 per cent. (0-4 per cent, formaldehyde). 
The membrane is covered with a few drops of the fixative. After 1-2 minutes 
the fixative is removed with a pasteur pipette and replaced by about 2 ml. 
of fresh fixative. If necessary the membrane is carefully detached from the 
glass so that it floats freely. It is left soaking for 5 minutes. 

The fixative is pipetted off and replaced by about 2 ml. of dioxan. If the 
membrane floats it should be submerged. After 5 minutes proceed as in the 
basic method, and thereafter the technique is the same except that the sections 
are not mordanted with formalin before staining. 

Other applications 

Sections of chick amnion are readily prepared in the same way. Yolk sac 
is more difficult, but good sections may be obtained if a thin part of the membrano 
is selected, the yolk is very carefully washed away and particular care is taken 
to lay the membrane flat. It is also possible to cut good sections of chick embryo 
intestine and trachea, but the method is not suitable for solid organs. 


Summary 

Two simple and rapid methods of preparing sections of chick chorio-allantoic 
membranes for histological study are described. The first method, in which 
dioxan is used both as a fixative and as a dehydrating agent, demands dioxan 
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The fecal output of urobilinogen was also expressed as the lnemolytic index 
(Miller, Singer and Dameshek, 1942). This relates the fecal urobilinogen to the 
degree of anaemia and gives information about the amount of urobilinogen 
excreted daily per 100 g. of circulating haemoglobin. The blood-volume of the 
rats was derived from the figure given by Creskoff, Fitz-Hugh and Farris (1949) 
of 6-7 ml. per 100 g. of body weight, and the total haemoglobin was calculated 
from the values for blood volume and haemoglobin percentage. The haemolytic 
index is the average daily output of fecal urobilinogen in milligrammes, 
multiplied by 100 and divided by the total haemoglobin in grammes. 


Results 

Table I shows that there was a considerable variation in the amounts of 
urobilinogen excreted in the feces of the normal rats in the four-day periods, 
the mean being 0-38 mg., and the range being 0-10-1-03 mg. This could not be 

Table I 

Total amount of urobilinogen excreted in the f&ces of normal rats in each four - 
day period and the degree of haemolysis as expressed by the haemolytic index 


Eat no. 


Hb. (g. per 100 
ml.) at the end 
of the period 

1 

| 13-0 

13-3 


13-3 

14-05 

2 

12-6 

12-2 


12-2 

12-4 

3 

14-5 

12-9 


12-9 

13-9 


13-9 

13-9 

4 

14-2 

I4-S 


14-8 

14-6 


14-6 

13-8 

5 

13-4 

14-6 


14-0 

12-9 


12-9 

14-3 

6 

14-5 

13-3 


13-3 

14-2 


14-2 

13-5 

7 

13-8 

14-6 


14-6 

14-9 


14-9 

14-4 

8 

15-3 

15-5 


15-5 

13-9 


13-9 

14-3 

9 

15-2 

15-3 


15-3 

13-5 


13-5 

15-7 


Mean 


Mean Hb. 

Total 

urobilinogen 
excreted in 
feces in mg. 

Hemolytic 

index 

13-15 

0-70 

8-4 

13-7 

0-85 

9-0 

12-4 

0-57 

7-5 

12-3 

0-62 

8-1 

13-7 

0-18 

2-9 

13-4 

0-41 

6-8 

13-9 

0-12 

1-6 

14-5 

0-23 

3-3 

14-7 

0-24 

3-2 

14-2 

0-71 

10-9 

14-0 

0-11 

1-4 

13-75 

0-45 

6-2 

13-6 

0-23 

3-2 

13-9 

0-38 

6-5 

13-75 

0-11 

1-9 

13-85 

0-48 

7-8 

14-2 

1-03 

11-6 

14-75 

0-48 

5-7 

14-65 

0-11 

1-4 

15-4 

0-24 

3-0 

14-7 

0-35 

4*5 

14-1 

0-10 

1-4 

15-25 

0-15 

1-7 

14-4 

0-23 

3-1 

14-65 

0-49 

6-5 


0-3S3 

5-10 
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weight was 2-S6 g., and the range 1-67-4-67 g., None of the animals suffered 
from diarrhoea and the collections were complete in every case. A comparison 
of tables I and II shows that the excretion of urobilinogen in the fieces of the 
anfemic rats is significantly greater than that in the normal animals and that 
the difference between the haemolytic indices in the two groups is significant 
(table III). If the figures are used as a crude measure of haemolysis, they suggest 
that the rate of breakdown of blood is increased at least fourfold in the antemic 
rats. 


Summary 

The macrocytic anaemia which develops in rats in which a cul-de-sac has 
been made in the small intestine appears to be hiemolytic in type. The excretion 
of urobilinogen in the faeces of the affected animals is increased. 
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ABSENCE OF BARTONELLA INFECTION IN RATS WITH 
INTESTINAL CULS-DE-SAC AND MACROCYTIC ANA5MIA 

G. M. Watson and L. J. Witts 

From the Nuffield Department of Clinical Medicine, 

Badcliffe Infirmary, Oxford 

If a blind loop is made in the small intestine of rats a proportion of animals 
prepared in this way will develop a macrocytic anfemia (Cameron, Watson and 
Witts, 1949). The precise mechanism inducing this anosmia is unknown and 
because latent Bartonella infection is common in laboratory rats the results 
may be criticised on the grounds that the intestinal operation may simply 
have activated an infection with B. muris. In the ordinary way activation of 
Bartonella infection is seen only after splenectomy but Wills and Mehta (1930-31) 
have shown that dietary deficiency may also activate the infection. The blood 
films of our rats with macrocytic anaemia did not show the frank infection with 
Bartonella which is seen after splenectomy in susceptible animals, when a largo 
proportion of the red cells are obviously parasitised. However, it is difficult 
to distinguish small numbers of Bartonella* in the blood, as punctate basophilia, 
platelets superimposed on red cells and stain precipitates cause confusion. It 
was not always possible, therefore, to say that a given film was free of Bartonella. 
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To meet tins criticism somo further experiments hav o been made Firstly, 
anremic rats have been treated w ith neoarsphenamme, which is known to cure 
Bartonella mfeetion m rats {Mayer, Borchardt and Ivikuth, 1927), to see whether 
it influenced the experimental anremia Secondly, a stock of rats has been 
kept free of Bartonella infection to see whether anremia developed m the usual 
way after operation in these rats 

The results obtained with tho therapeutic trial of neoarsphonamino are 
shown in the table As anremic rata were found, alternate animals were treated 

Table 


Surmal time w days of amvmic rats treated with 
neoarsphenamvie 


\mnUr 

Unt rente I fits 

Treated rats 

1 

4 

4 

*» 

5 

4 

3 

8 

6 

4 

10 

7 

5 

18 

0 

G 

28 

28 

7 

35 

40 

8 

07 

230 

0 

70 



with weekly injections of neoarsphenaxmne or left untreated In tho table, 
survival periods are from tho tune of identifying tho anremia Tho results do 
not suggest that neoarsphcnamine prolonged tho life of tho anremic animals 
In both tho treated and untreated series there wore somo rats which had one 
or moro remissions and remained ahve for considerable periods, but the treated 
rats showed no advantage m this respect Nor did neoarsphonamine have any 
specific effect on tho anremia , for example, treated rat no 8, which remained 
ahve for 230 days after anremia was first obsorv cd, continued to hav o a fluctuating 
anremia despite prolonged treatment with nooarsphenamme 

For the second part of this experiment all rats m stock which might have 
been infected with Bartonella were destroy od or moved to another room, and 
nil fresh stocks were obtained from a Bartonella free source (Ministry of Supply 
Animal Farm, Porton) As each batch of now rats was received a sample was 
splenectomised to ensure that the} were free from Bartonella; none of tho 
splencctomised animals de\ eloped tho mfeetion As a further precaution all 
new rats which were not splenectomised were given 10 mg of neoarsplienamuie 
by injection No animals other than Bartonolla free rats were allowed in the 
rat room Throughout tho period of these experiments splenectomised rats 
were leapt mixed with tho experimental animals, and it was hoped that if 
Bartonolla mfeetion should get into tho stock, those animals would act as 
indicators of its presence None of them dov eloped Bartonella infection 
Finally, at the end of tho experimental period, somo of tho oldest animals with 
intestinal loops wore splenectomised and these did not develop Bartonella 
infection It is therefore unlikely that any Bartonella mfeetion was present 
in the colonj in the period under consideration 

Macrocytic anremia did, in fact, continue to appear m experimental rats 
from this Bartonella free stock 

During the period of observation 213 rats were prepared by operation and 
of these 22 developed an anremia similar to that reported before Somo operated 
rats remain ahve and may still develop anremia The frequency of anremia 
is less than that found earlier but throughout tho work on this experimental 
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anaemia, the incidence in operated rats has varied considerably for no obvious 
reason. The anaemia observed in Bartonella-free rats does not differ in character 
from that already described though we have the impression that these rats 
may live longer in the anaemic state. 

From these two sets of observations it appears that the development of 
macrocytic anaemia in rats with blind intestinal loops is unrelated to the presence 
of latent Bartonella infection in these rats, though it is possible that latent 
infection may modify the course of aneemia. 


Summary 

The macrocytic anaemia developing in rats with artificial blind loops in the 
intestine is not cured by neoarsplienamine, which is effective in Bartonella 
infection, and the anaemia will develop in rats which are free from Bartonella. 

The expenses of this investigation were in part defrayed by the Medical 
Research Council. 
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IPbilip IRocl pantoit 

Born 26th December 1877. Died 27th December 1950 
(Plate XCIII) 

Snt Philip Panton's retirement in 1949 from the post of Consultant 
Adviser in Pathology to the Ministry of Health ended a career in 
clinical pathology in which he became pre-eminent. This was not 
in any way the result of personal ambition, for no one was less imbued 
with such a motive. Nor could it be attributed to scientific attainment, 
though in this respect he was by no means unsuccessful. Rather was 
it the possession of the qualities of leadership, used so unstintingly 
for the betterment of hospital pathology, that won for him this unique 
position and incidentally the admiration and affection of his colleagues. 
In doing this he drove himself hard, particularly in the last ten years, 
and there was already an indication when he came to retire that his 
health had suffered in consequence. Unhappily this proved to be 
true. He was never able really to enjoy his well-earned retirement, 
and on 27th December 1950, the day after his seventy-third birthday, 
he died at his home at Bourne End after a short illness. 

Philip Noel Panton was bom on 20th December 1877 in the small 
country town of Wareham in the county of Dorset. His father, 
John Panton, who came of a long line of yeoman farmers, was a 
brewer ; he owned and managed the brewery which stood next to their 
house on the outskirts of the town on the banks of the river Prome. 
His mother was a daughter of the famous artist William Frith, one 
of whose pictures, Derby Day, probably the best known, hangs in 
the National Galleiy. There were five children, tliree sons and two 
daughters, a small family for thoso days. Life was easy for the 
well-to-do in that spacious Victorian period, and it was in this pleasant 
atmosphere that the young Philip spent his first eight years. One 
thing alone is worthy of record in connection with this period of his 
life, his decision to become a doctor. He had reached the age of 
six and had gone on a visit to a farmer uncle. Whilst thero he had 
the misfortune to fall and break his leg, and the attachment which ho 
formed for the kindly general practitioner who attended him and set 
the broken femur determined him to bocome a doctor himself when 
he grew up—a decision which his parents did not let him forget. At 
tho age of eight he was sent to preparatory school, first of all to 
Beckenham Lodge and subsequently to Orley Farm, a preparatory 

J. FATH. BACT —VOL 1X111 520 2 I, 2 
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school for Harrow and incidentally the scene of Trollope’s novel of 
that name. In keeping with family tradition, Panton was destined 
for Harrow and he went on to the big school in 1S91 at the age of 
thirteen, there to spend five years which, from all accounts, were both 
happy and valuable. Dr Weldon was the headmaster of Harrow in 
those days and under his guidance the school was enjoying one of its 
best periods. It was, however, the influence of E. E. Bowen, Panton’s 
house-master at the Grove, which made those five years of such 
particular value. Bowen was a very considerable personality. He 
combined a high standard of scholarship in a wide range of subjects 
with prowess in all forms of athletic sport, and it is easy to understand 
what an influence for good he exercised on the boys. Panton un¬ 
doubtedly came under its spell; the enjoyment which he took in the 
countryside and in walking was in large part inculcated by Bowen 
as was, apparently, the impatience which he showed for restrictions 
which he considered unjustified. Contemporary with Panton at 
Harrow were several boys who subsequently became famous. G. M. 
Trevelyan, the historian, was in the same house with him and became 
Head Boy at the Mount in his time. And L. S. Amery and Winston 
Churchill were also at Harrow with Panton, the former being Head 
Boy of the School; it is interesting that Dr Weldon considered Amery 
to be much the more brilliant of the two. It must also be recorded 
that it was whilst at school that Panton received his first appointment 
as a clinical pathologist! This was at the Royal Sussex Hospital, 
Brighton, a quite unofficial post held in vacation time during his last 
year at Harrow. His “ laboratory ” consisted of a table on one of 
the landings and the investigations w r ere confined to the simplest 
routine urine analysis. 

Ever since the early resolve to become a doctor Panton had from 
time to time doubted his suitability for such a calling. He confessed 
that.he shrank from sick and mutilated people, but not having the 
moral courage to go back on his original choice he allowed his parents 
to hold him to it, and in 1896, at the age of 18, he went to Trinity 
College, Cambridge, there to read for the Natural Science Tripos with 
a medical qualification as Ms ultimate goal. Incidentally he came to 
regard medicine as the finest of all possible careers. At Cambridge he, 
seems thoroughly to have enjoyed himself. He worked sufficiently hard 
to make a satisfactory showing in examinations. He played football 
for the Trinity Harrovians in term time and with the Old Harrovians in 
the vacation. He played cricket of the village-green type occasionally, 
made many friends and generally entered into the undergraduate social 
life of the University, in short he took full advantage of the educational 
opportunities which our trvo ancient universities alone can provide. 
And having taken the Natural Science Tripos and obtained the 2nc 
M.B. he went to St Thomas’s Hospital for the clinical part of Ms 
training, leaving no debts behind Mm, in fact he records that his 
bank balance was 2s. 6d. on the right side I Here Panton continue 
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his unchoquored undergraduate career and in 1903, three years after 
leaving Cambridge, ho obtained the conjoint diplomas of the English 
Colleges, taking the M.B., B.Chir. of Cambridge a year later. Resident 
appointments followed, first of all a house pliysicianship at St Thomas’s 
and then back to Cambridge to hold the post of house surgeon at 
Addenbrooke’s Hospital. His account of conditions at this latter 
hospital roads strangely these days and ho likens the change from 
St Thomas’s to Addenbrooke’s to transferring from a Cunard liner to 
a tramp steamer. Sterile dressings wero unknown in the wards and 
he had to improvise dressing tins out of biscuit tins to make good the 
deficiency, and the senior surgeon could not do a simple appendicectomy. 
Panton hastens to say, however, that this was a very temporary, if 
unfortunate, phase through which this hospital was going, a state 
of affairs which could not possibly recur to-day. At what particular 
stage in his career Panton decided to specialise in pathology I do 
not know, but by tho time his appointment at Addenbrooke's terminated 
the choice had evidently been made and in 1905 he returned to work 
at St Thomas’s in Dudgeon’s department, having been awarded a 
Louis Jenner Research Scholarship. Two of his contemporaries at 
St Thomas’s, A. E. Boycott and H. R. Dean, mado the same choice 
and like him camo to occupy distinguished positions in pathology 
though, unlike Panton, they chose academic careers. Tho late 
W. W. C. Toplcy was another of Dudgeon’s students to specialise in 
patliolog 3 r and earn groat distinction ; ho was junior to Panton, coming 
to St Thomas’s when Panton had already started Ms post-graduate 
specialisation. And there were others whom Dudgeon inspired, 
Pulvcrtaft, Bamforth and Oliver come to mind ; he must have been 
a great teacher. 

Panton’s election to the Gibson Research Scholarship of tho 
Society of Apothecaries enabled him to continue the study of pathology 
with Dudgeon until 1908 when ho was appointed Assistant Director 
of the Clinical Laboratory at St Thomas’s. This post was held for 
only a short time, baroly a year, and in 1D09 he was invited to join 
the staff of tho London Hospital as Director of tho Clinical Laboratory, 
a post he was to hold with distinction for thirty-seven years, mien 
Panton went to the London the hospital laboratory, then known as 
the Chomical Pathology Laboratory, consisted of two small rooms 
in the chargo of,a technician. It had been started largely at the 
instigation of tho late Mr Frank Kidd and its relation to existing 
departments was still ill defined. An excellent service in morbid 
anatomy and histology was provided by Turnbull’s department, later 
to become the Bernhard Baron Institute of Pathology, and the 
hospital bacteriology was done by Bulloch’s department in tho Medical 
College far removed from tho wards. Panton thought this latter 
arrangement was bad since it impeded ready consultations between 
laboratory man and clinician, so the service which he organised in 
the hospital, renamed by him the Clinical Laboratory, included 
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bacteriology. This brought him into conflict with Bulloch, and 
although at first feelings ran high, thanks to Panton’s good sense and 
diplomacy the relations between the Bacteriological Department and 
the Clinical Laboratory became more tolerant. And when I came 
to the London in 1926, although some of the hospital bacteriology 
was still done by Bulloch and his colleagues, the major part came 
to Panton’s department. The transfer of the Bacteriological Depart¬ 
ment to the hospital had even been discussed, and although this project, 
warmly supported by the hospital’s chairman, Lord Knutsford, had 
reached the stage of planning, for one reason or another it did not 
then progress beyond that stage. The idea, however, appealed to 
Panton. He had always felt that the laboratories doing the hospital 
pathology should be as near to the wards as possible, not only to make 
them readity accessible to the clinician but also to encourage the 
pathologist to go into the wards. Prom the beginning, Panton had 
been imbued with this idea, and when in 1934 I succeeded Bulloch it 
seemed that the opportunity for a further step in this direction had 
arrived. I was then working in the Clinical Laboratory and Panton 
suggested that the department in the College which I inherited should 
move to me in the hospital rather than that I should be banished to 
the cloistered seclusion of the top floor of the College. Since I shared 
Panton's view equally strongly and the hospital authorities were 
agreeable, the move was planned and had it not been for the outbreak 
of war the work would have started in 1939. Fortunately this proved 
to be no more than a postponement and although it was not achieved 
before Panton’s retirement he lived to see its realisation. Now, 
thanks in very large measure to his vision and untiring energy, a 
Division of Pathology exists at the London which is not merely a 
spiritual concept. 

It is unusual for anyone engaged in a busy practice of hospital 
pathology to find the leisure for fundamental research; their con¬ 
tributions to advancement of knowledge usually result from observa¬ 
tions made in the course of their routine duties. In this respect Panton 
was no exception and it must be remembered that his appointment 
at the London, though a salaried one, was only part-time and he had 
to practise outside as a consultant pathologist in order to live. 
Although this outside work never grew to a big practice it occupied 
a not inconsiderable part of his working day and this explains to a 
large extent the somewhat meagre list of scientific papers published 
by Panton. It was not lack of ability for research, though as Valentine 
has pointed out, he had a certain impatience for the irksome detail 
inevitable in practically any research. However, with Tidy and also 
with Valentine he recorded observations on the leuksemic states, an 
he and Sequeira investigated erythrodermia, showing that one form 
of tins condition was associated with a lymphoblastic blood picture. 
Intrigued by Besredka’s work on the relative insusceptibility of 1 10 
guinea-pig and rabbit to the anthrax bacillus inoculated by ot ier 
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than the dermal route, ho made a study of this phenomenon rvith 
Benians, providing a partial confirmation of Bosredka’s claim and 
extending the work to the relative susceptibility of the different tissues 
of the mouse and rabbit to tho pneumococcus Perhaps Ins most 
important research was on Staphylococcus pyogenes and its toxins 
In this work, done m conjunction with Valentino, tho importance of 
leucocidm in pathogenicity and of its antibody m staphylococcal 
immunity was emphasised, a conclusion which, though warranted, 
was at v ariance with the findings of others And although this work 
has lost its practical significance with the ad\ ont of antibiotic thorapy, 
it still constitutes a definite addition to our knowledge of the natural 
history of tho staphylococcus Any account of Panton's scientific 
writings would bo mcomploto without a reference to his textbook on 
chnical pathology First published in 1913 with Panton as sole 
author, this popular book has gone through five editions Marrack 
collaborated with him in the preparation of the subsequent editions 
and they were joined by May in rewriting the fifth odition wlueh 
appeared in 1945 , a sixth edition is in tho press The fact that this 
book has gono through fivo editions is sufficient emdenco of its 
usefulness 

Although Panton did not do much original work and perhaps 
would not oven have made a very successful research worker, ho 
was keenly akvo to the importance of research, and saw cloarly tho 
lines along which progress would como Realising that tho work of 
tho Clinical Laboratory was constantly throwing up research problems 
which ho and his staff had not the time to investigate, he sought the 
means to establish full timo res-arcli posts in his department In 
this he was successful, thanks to the generosity of lus friend the 
Ro\ M S Courtauld who provided a capital sum the income from 
which sufficed to establish, in 1920, two Freedom Research Fellowships 
and a Freedom Research Studentship m the Chnical Laboratory 
Sir Howard Florey and I wore the first two Fellows appointed and 
L F Hewitt held tho first Studentslnp and although Florey left 
after a year to take up a research post at Cambridge I continued to 
hold my appointment in the Clinical Laboratory for eight years, a 
most interesting and enjoyable time 

It w oidd have beon difficult to find a more delightful and stimulating 
chief than Panton Ho allowed complete freedom m the choice of 
hnes of work and did all m lus power to provide tho necessary facilities , 
he was sympathetic over the failures and took as much pleasure in 
the successes as though they had been his own Smce those days 
quite a number of men have worked at the London as Freedom 
Follows—J 0 W Bland, A W Downie, S T Cowan, S D Elliott 
and J 0 R Morris—and although to-day, under the National Health 
Service, the Freedom Fund no longer exists as such, having been merged 
with Free Funds of the hospital, tho Freedom Fellowships have not 
beonallow od to lapse They continue to provide excellent opportunities 



534 


PHILIP NOEL PANTON 


for the aspirant in medical research and stand as a memorial to the 
wisdom of Panton and the generosity of his friend Courtauld. 

Although Panton’s achievements at the London had earned him 
the high regard of his colleagues there, little was heard of them outside, 
where he remained comparatively unknown. This was understandable 
since he avoided scientific meetings and conferences, and as we have 
seen he had published few scientific papers. It was, however, the work 
which he did for hospital pathology during the recent war and the 
early post-war years of reconstruction which enabled pathologists up 
and down the country to know Panton and appreciate his great 
qualities. After Munich, when plans were being made for the evacua¬ 
tion of the big centres of population together with their hospital 
services in case of war, Panton played Iris part in these preparations 
and he took the initiative in having prepared a complete register of 
pathologists and laboratory technicians which was to prove invaluable. 
With the outbreak of war the London, except for a small residual 
nucleus, was dispersed throughout Sectors I and II of the London 
Region, and Panton and I became responsible for the laboratory 
services of these areas, his being Sector II comprising parts of Middlesex 
and Hertfordshire. Little existed in the way of laboratories in the 
hospitals to which the London staff and equipment had been moved 
and Panton busied himself making good these deficiencies and organis¬ 
ing a laboratory service in his sector. He remained here for only a 
short time, however. The need for someone at the Ministry of Health 
who could advise on problems concerned with hospital pathology had 
become urgent and Panton was chosen to do this. For a while he 
divided his time between the Ministry and his Sector, but the increasing 
needs of the Ministry soon made his advisership a full-time post. 

• What he had seen of the laboratory services, or rather the lack of 
them, in Hertfordshire and Essex, convinced him of the urgent need to 
acquaint himself with the state of things in other parts of the country 
and to rectify, as far as was possible in wartime, the deficiencies which 
his experience told him must exist. No one was better fitted for this 
work than Panton. His earlier experience had shown him not only 
what an important part good clinical pathology played in maintaining 
a high standard of medicine, but also how best to organise such a 
service, and he was determined to see that every hospital in the 
country possessed these advantages. Convinced that this could only be 
achieved by establishing personal contact with pathologists and 
learning first hand of their problems, Panton travelled all over the 
country, often in considerable discomfort, visiting in the course of 
these journeys some two hundred hospitals in England and Wales. 
He saw for himself what was happening, discussed the local problems 
with the pathologists and hospital authorities concerned, and suggested 
ways in which the laboratory services could be improved. He met 
with many difficulties, some of which to lesser men would have appeared 
insuperable, but Panton usually won through. He succeeded where 
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othors might have failed, not onlj bocause of his zeal and determination, 
but because of the great authoiitj' with which he spoke, an authority 
born of vast experience, and, not least, because of tho diplomatic way 
in v Inch he handled theso matters In timo lio came to know personally 
01 cry pathologist in tho countij and manj' of tho technicians as well, 
iiheieior he went he won trust, admnation and affection His periodic 
visits m ere ail aited it ith pleasure Ho had becomo the valued friend 
as veil as adviser, and not infiequently, when tho busmess of the day 
had been disposed of, lie would bo consulted on porsonal matters At 
the centre he examined critically all plans for new laboratories, he 
attended tho meetings of tho Committee of Sector Pathologists of the 
London Region and he arranged for tho Regional Advisers m Pathology 
to meet him periodically in London so that ho might be kept in touch 
with all their problems Ho was also concerned, m conjunction with 
the 11RC and the services, uith arrangements for the framing of 
pathologists and, when trained, with seeing that they wero equitably 
distributed between the armed seivicos, the EMS , the MEC and 
the University departments It would bo difficult to exaggerate the 
importance of all that Panton did during Ins term of office at the 
Ministry He raised hospital pathology throughout the country to a 
level it had never prexiously enjoyed and tho pathologist to a status 
of equality with his consultant colleagues And when in July 1948 
the Kational Health Service came into being, so well had Panton 
planned, the nuclous of an officiont service of hospital pathology 
existed m eiory region What is more, when it had bocome ovident 
that tho Public Health Laboratory Service w as to be an independent 
service and, unlike hospital pathology, under central direction, a 
divorce of the two laboratory services which Panton accepted with 
regret and some misgiving, he worked loyally and untningly for the 
closest possible co operation between the two Public recognition of 
these ser\ ices took the form of a knighthood in 194G, an honour in 
which Panton’s many friends and admirers took great satisfaction, 
even though he lumself looked at it somewhat askance 

This work at the Ministry resulted in lus having to sit on many 
committees, a duty winch ho accepted as mevitablo if uncongenial 
Although not a member of the B M A , he was on se\ oral of their 
important committees, including tho Central Emergency Committeo, 
the Central Medical War Committee, the Armed Services Committee 
and the Postgraduate Education Committee In addition, as I have 
already mentioned, he attended the meetings of the Committee of 
Sector Pathologists,which ceased to oxistwith tho advent of tlieN H S , 
and ho was chairman of tho Central Pathological Committee which 
continues to adv iso tho Ministry on all matters concerned w ith hospital 
pathology As a representative of the Ministry, he also served on 
those professional and technical councils of the Whitley Council 
concerned with laboratory staff, and he helped the British Standards 
Institute m the w ork of some of its committees I have always had 
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some difficulty in assessing Panton’s value as a co mmit tee man. I 
have, of course, served with him on several of these committees, as 
well as on many internal committees of the London, and that he 
could, and did at times, make valuable contributions I readily admit. 
But committees bored him and this, 1 think, deterred him from giving 
of his best, and as a chairman he was apt to allow a committee to 
wander unguided. He much preferred informal discussions with the 
few really interested persons to the more formal committee, and with 
this view all but the most confirmed committee addicts would agree. 
Of Panton’s connection with scientific societies there is little to say. 
He had been a member of our Society since 1919 but I never saw him 
at any of its meetings. He was made an honorary member of the 
Association of Clinical Pathologists in 1948 and he was elected an 
Honorary Fellow of the Institute of Medical Laboratory Technicians 
in April 1946 as a recognition of all that he had done for technicians. 
But he was neither a member of the B.M.A. nor Fellow of the Royal 
Society of Medicine, and, like Dudgeon, he avoided scientific meetings, 
holding them to be of little use. 

Thus far I have been concerned with what Panton did and have 
said little about the man himself, though here and there things have 
emerged to show something of his make-up. He was essentially 
English in both character and appearance; in fact I always 
thought that, with his well-shaped head and good features, 
clear blue eyes, healthy look and neat but sturdy figure, he 
personified that very English county, Dorset, from which he came. 
In character he exemplified at its best the type of man of well-to-do 
parents in Victorian times who had enjoyed a public school and 
■university education, courteous, upright in his dealings, considerate 
of others, cultured but making no parade of it, and born and bred to 
be a leader without fear of responsibility however heavy. Panton was 
a man of first-class intellect and very considerable personality. His 
command of English, whether in speaking or writing, was of an 
unusually high order, yet he failed as a lecturer for the sole reason 
that he was inaudible except to those near him. This was unfortunate 
because what he had to say was not only of good substance and well 
presented, but enlivened by that sense of humour with which he was 
abundantly endowed. He excelled as a writer. As a student at 
St Thomas’s he edited the St Thomas’s Gazette ; it is reputed that 
he even wrote it almost entirely himself, and in later years he wrote 
for the amusement of his two grandsons. His reminiscences of medical 
life which he began writing on retirement had just reached completion , 
in fact he was happily engaged in putting the legends to its illustrations 
on the day of his death. Although he played games and enjoyed 
them both at school and the University, he was no great athlete. 
He took a delight in the countryside, was well versed in its lore, and 
enjoyed walking as a relaxation. Fly fishing was another of his 
hobbies, but greatest of all was landscape gardening. At work in 
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Ins beloved garden at Otter’s Pool all the worries and tribulations of 
his life, and ho had heaiy ones to bear, were forgotten When I 
was considering whether or not to go to the London, I asked a fellow 
pathologist what sort of a man Pan ton was, to be told that he was a 
delightful peison, and that is what I found him to be, a truly delightful 
person As a chief ho was exceptionally land and understanding 
and as a companion he was without an equal Some of the memories 
which I cherish most are of moments spent m his company either 
at work m Ins garden, watching cucket at Lord’s or m the setting of 
one of our beautiful county grounds, 01 on holiday in Cornwall 
Someone remarked of Panton recently that we do not make men 
like lnm in England now, and unfortunately there is truth in this , 
he w as the product of a state of society winch no longer exists The 
social levolution is rapidly destroying that leisured and cultuied class 
from which he sprang, and although we have banished poverty and 
brought educational facilities w ithin the reach of everyone, it is largely 
the technically instructed we are producmg and not the cultured 
individual Those who applaud tins social change and deride what has 
been termed the “ old school tie ” tradition should reflect that men 
like Panton, who stand for all that is best m this tradition, are the 
salt of the earth 

S P Bedson 


The writer wishes to record his indebtedness to Messrs William Heinemann 
who permitted him to see the MS of the first four chapters of Sir Philip Panton’a 
memoirs and to make use of the information m the preparation of this notice 
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Primary carcinoma o! the liver 

By Charles Berman. 1951. London : H. K. Lewis and Co., Ltd. Pp. 
xvi and 164 ; 84 text figs. 35s. 

This monograph cannot be too warmly commended. It combines the 
fruits of the author’s own careful research on hepatic diseases in the Bantu 
races with a comprehensive and up-to-date review of the whole subject 
of carcinoma of the liver. By direct and unambiguous diction and by 
avoiding verbal padding. Dr Berman has packed into a small volume an 
astonishingly large amount of information; indeed it contains all that 
is essential about our knowledge of liver cancer, and it will certainly become 
the standard work of reference on this disease. The illustrations, most of 
them photographs or photomicrographs, are uniformly good and most of 
them excellent. The bibliography contains about 700 references, and the 
analytical details of these which are scattered throughout the text make it 
clear that the author is intimately familiar with them and that they are 
not merely inserted on the time-honoured principle of “ swelling the crowd ”, 
Berman’s own work on Bantu livers convinces him that hepatic cirrhosis 
and cancer are closely related and that “ dietary factors, especially protein 
deprivation, are among the most important causes of cirrhosis **. In view 
of the great prevalence of cirrhosis and cancer in the Bantu races, he insists 
that South Africa is the proper place in which to undertake a thorough 
investigation of these diseases, a proposition the truth of which could have 
no stronger support than his own admirable research. The book is beauti¬ 
fully produced and the only misprint that a pernickety reviewer could 
discover was “ tumour '* in the reference to an American paper. 

The acridines : their preparation, physical, chemical and biological 
properties and uses 

By Adrien Albert. 1951. London: Edward Arnold & Co. Pp. xiii 
and 381 ; 1 plate and 31 text figs. 70s. 

The anti-infective action of basic acridine derivatives first attracted 
attention when it was reported that trypaflavin (acriflavine), a quaternary 
derivative synthesised for Ehrlich, acted as a potent chemotherapeutic 
agent in mice infected with T. brucei. Browning with Gilmour, Gulbransen, 
Kennaway and Thornton, then observed that in high dilutions in culture 
medium it inhibited and killed various bacteria, both Gram-positive and 
negative, and that blood serum did not reduce these effects ; Shiga 
independently described its antibacterial property toward V. choleras. 
The former workers showed too that the corresponding tertiary base, later 
called proflavine, had similar activity. Proflavine and acriflavine, being 
relatively little toxic for mammalian tissues as compared with the “ general 
protoplasm poisons ” previously used as antibacterials, were then employed 
as “ surface antiseptics ” for the prevention and treatment of sepsis in 
wounds. Albert made a valuable practical contribution by introducing an 
almost colourless member of the group (5-aminoacridine or aminacrine), 
which is an extremely potent antiseptic. The nminoacridines have found 
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a wide and continuing clinical use. Although they do not influence general 
bacterial infections and cannot be administered effectively by the systemic 
route, their powerful action on various pathogenic bacteria locally in the 
tissues has been proved beyond question. The antimalarial agent atebrin 
(mepacrine), which has proved so valuable as a substitute for quinine, also 
belongs to this group. Important investigations have been carried out by 
Albert and his colleagues on the relations between physical-chemical 
properties and antiseptic action among the acridine compounds, and it 
has been demonstrated that the determining factor is the basic strength 
of the substances ; those which are well ionized (as kations) being highly 
antiseptic, while those poorly ionized are feeble. It is stressed that the 
tissues should not be brought into contact with solutions of those salts 
which have an acid pH. The book, in addition to containing a collected 
account of the extensive original researches of Albert and his associates 
on the synthetic, physical-chemical and biological aspects, also describes 
all the significant work which has been done on the acridine series. Thus 
the successive sections deal with preparative methods, physical and chemical 
properties, biological properties and other uses—as dyes, antioxidants, 
industrial disinfectants, microscopic stains, and in one case, luzigenin I, 
as a striking example of a synthetic chemiluminescent substance; an 
appendix deals with the manipulation and purification of acridine com¬ 
pounds. There is a list of over 1800 references. Readers of the Journal 
will be specially concerned with the biological part, which occupies about 
a quarter of the text. The book is the only comprehensive one on the subject 
and is likely to remain for a long time an authoritative guide to the chemistry 
and biological properties of the acridine series. 

Color atlas ol pathology 

Prepared under the auspices of the United States Naval Medical School. 
1950. Philadelphia, London, Montreal: J. B. Lippincott Company. 
Pp. xi and 546 ; 1053 figs, in-colour on 365 plates and 4 text figs. £7. 

The pattern of this book can best be conveyed by describing a page 
selected at random. Page 481, for example, deals with infantile rickets. Down 
its right half are three pictures, each 3 X 2| ins., the top one a radiograph 
of the forearms, the middle one a coloured large-section photomicrograph 
( X 15) of the growth cartilage and metaphysis, and at the bottom a higher- 
power view ( X 50) of the growth line, also in colour. On the left half of 
the page is a column of text which starts with a brief clinical history of the 
case illustrated and continues with short legends to each of the three 
pictures. There is a similar arrangement of each page in what is termed 
the “ color unit ”, varied only by the choice sometimes of gross-specimen 
or clinical photographs. The clinical photographs are excellent, so are 
many of the pictures of gross specimens, but others of these are too small 
to be useful. It is in these two classes of work that colour photography 
can be of most value. Photomicrographs seldom gain anything by the 
use of colour except where specific colour reactions are to be illustrate 
the prussian-blue test for iron may be quoted as a simple examp e. 
Incidentally, this staining method was introduced by Peris and shou ^ 
not be called either the “ Perl reaction ” (p. 84) or “ Perl’s reaction 
(p. 373). Sections stained with Congo red for amyloid or with Sudan iv 
for fat are among those which are successfully shown in this book. u 
standard hsematoxylin and eosin sections lose much in detail and gam 
nothing in contrast when reproduced in colour. Even with the tg 
technical competence of the publishers, there is minute inexactness o 
register which makes many of the low-power views a slightly hazy mass 
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little contrasted violaceous tones The reviewer sampled two hundred 
consecutive photomicrographs, all in colour, and decided 184 of them 
would have been better in black and white Every pathologist will enjoy 
seeing beautiful pictures of diseases not usually encountered in this country, 
such as leprosy and bubonic plague (complete with rat flea), and of such 
rarities as the reddened palate showing an allergic reaction to ginger ale 
(P 281) 

The text was largely written, it appears, by Dr Charles F Geschickter 
who around 1944 was Chief of Pathology in the U S Naval Medical School 
It might have been better to have preserved the anonymity' of the title 
page, for the text is not even as good as the pictures The brief descriptive 
columns accompanying the photographs are, m general, adequate and 
factual, although certain unorthodovies appear here and there e g the 
nsky diagnosis of Kaposi s sarcoma m a woman alio had had a mastectomy 
for carcinoma two years earlier (p 243), angiomesothehoma of bono 
{p 502), and the perpetuated confusion caused by including the megaloblast 
with the ancestors of the normocyte (p 7) The purpose of the written 
introductions ( ‘ descriptive surveys *) to each section of the atlas is obscure 
These oversimplified synopses can hardly serve any useful function m 
education For instance, twenty four pages of discursive text are made 
to cover diseases of the alimentary tract from herpes labialis to rectal 
carcinoma while embracing paragraphs on German measles and balantidiasis 

There is no section devoted to the nervous system This important 
omission is curious since brain and spinal cord tend to reproduce classical 
morbid appearances more constantly than most organs and therefore 
prov ide material well suited to an atlas There are also other large omissions 
—generative organs, breast and eye, for example But this fact serves only 
to emphasise how arbitrary the selection of material for this or any other 
atlas may be 

Habits of thought change with changing methods of instruction 
The cynic may remark that tbo habit of thinking has long since withered 
in the student of medicine tlnough disuse and that his intellect has atrophied 
from the press of too easily assimilated mtolligence Gone are the day's of 
the closely printed page with the closely reasoned argument The summary 
speech of the advertiser displaces the measured tones of the scholar, and 
the clarity of the monochrome pales before the glories of technicolor The 
use of atlases is more prevalent in American medical schools than our own 
Most teachers in tins country to day' reject the visual memory type of 
instruction, substituting analytical observation, knowledge of principles 
and thoughtful reasoning as the basis of skill in pathological diagnosis 

A laboratory guide to the anatomy of the rabbit 

By E Horne Craigie 1951 Toronto, University of Toronto Press 
London , Oxford University Press (Geoffrey Cumberlege) Pp \ m and 
113 , 28 text figs 21s 

The author of this book, who is Professor of Comparative Anatomy at 
Toronto, is well known for his revision of the last two editions of Bensley’a 
Practical anatomy of the rabbit Those who know that v olume will appreciate 
the scope of the present book if it is described os the basic one third of 
“ Bensley ” modified in such a way as to make a handy dissecting guide 
for the novice The early chapters are very elementary, but here and 
throughout the writing is direct and instructive The major part of the 
book is made up of concise descriptions of the gross anatomy of individual 
bones muscles, nerves and viscera The book is probably intended for 
1st M B or general science students, but it will bo a useful acquisition m 
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many pathological laboratories where rabbits are numbered in the establish¬ 
ment. Technicians and animal attendants will find in it a clear and sound 
introduction to mammalian anatomy and the experimental pathologist 
may on occasion be glad to have at his elbow this straightforward account 
of the less as well as the more familiar parts of the rabbit. 

Enter ob acteriace se 

By F. Kaotfmakn. 1951. Copenhagen: Ejnar Munksgaard. Pp. 338. 60s. 

This book brings together under one cover a series of studies on Entero- 
bacteriacese which have been published in recent years by Dr Kauffmann 
and his colleagues, and thus presents in convenient form a mass of detailed 
observations which every worker on this subject will from time to time 
want to consult. The nomenclature and classification are based on the 
Report of the Enterobacteriacece Sub-Committee of the Nomenclature 
Committee of the International Association of Microbiologists which was 
presented to the International Congress on Microbiology in 1950. The author 
divides the family Enterobacteriaceaa into some 11 overlapping groups. 
Separate chapters are devoted to 9 of these, the remaining 2, Erwinia and 
Serratia, receiving only brief mention. The primary differentiation of the 
groups, and further subdivision within certain groups, is effected by bio¬ 
chemical reactions, but the final identification of types is based on serological 
tests. 

Approximately a third of the book is devoted to the Salmonella group, 
and the very full account of antigenic structure, variation, and serological 
technique is of great interst and importance. The views which the author 
holds on capsular or “ K ” antigens, which include V Antigen (antigen 
No. five), Vi Antigen and M Antigen (mucoid antigen) differ in some respects 
from those which are currently accepted in this country, and merit careful 
study. A full and lucid account is given of the methods used in preparing 
antigens and also the antisera used in identifying the formidable list of 
types now included in the Kauffmann-White Schema. 

In the chapter on the Escherichia group, the emphasis is again placed 
strongly on antigenic pattern, and no attempt is made to subdivide the 
group in other ways, although biochemical and other characters are fully 
discussed. Twenty-five main groups are defined by differences in O antigen, 
and these are further broken down to give 93 types, in addition to which 
mention is made of many other types which have not yet been ful y 
investigated. Evidence is adduced to show that one person may harbour 
in his bowel a number of different types at one time, and when re-examine 
after an interval of months may have a new series including one or two 
of those present at the first examination. , 

The organisms comprising the familiar " paracolon ” group whic jes 
between Salmonella and Escherichia are split into 3 goups which avo 
been named Arizona, Ballerup and Bethesda. Work on these groups is no 

completed. , 

The chapter on Shigella follows the recommendations made by tne 
Shigella Commission, and adopts a classification which agrees close y ^ 
one which has been in general use for a number of years. Iv (eapsu a 
antigens have been found in certain types, and account for some anoma 
findings. Most workers with practical experience in bacillary 3?? 

■will agree with the removal of Alkalescens and Dispar from t e ‘S _ 
group, and the creation of a provisional Alkalescens-Dispar 6y 0U P’ 
this also several types have been described. In the Klebsie a IF 
(Friedlander, Aerogenes, Aerobacter) O and K antigens serve o 
5 groups and 18 types. Proteus is divided into 3 groups, one o 
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embraces P Bulgaria and P. mirabihs, and is divided according to tho 
author's classification into 49 “ O ” groups P tnorgarti and P reiigeri 
have not jet been serologically analysed A provisional group named 
Providence has been created intermediate between Shigella and Proteus 

The approach to tho classification of tho Enterobactenace , e made in 
this book is essentially individualistic, for the author himself has formulated 
man} of the theories relating to the different types of antigen and has 
dev ised man} of the methods used Ho and his colleagues hav e dev oted a 
vast amount of painstaking and meticulous care to making the analyses 
and compiling the tables which are the basis of tho work Yet it is impossible 
to avoid feeling that serologj has been allowed to dominate tho picture 
to a greater extent than is warranted We lenow that man} serological 
types of Enterobacteriacc'c are stable and relatively permanent and are 
constant!} being isolated the world over But what of tho others showing 
but slight deviations from the better known species which have been found 
perhaps only once ? Are these permanent types of long standing which 
will persist into the future, or are they fortuitous and ephemeral v ariants 
which m natural surroundings are hero to daj and gone to morrow f Time 
alone will show, but the ever swelling volume of Salmonella types strongly 
hints at something of this kind, and indeed tho author’s observations on 
the changing types of Escherichia m tho human intestine could well be 
explained by the operation of a sort of kaleidoscopic variation If this 
occurs, elevation of these variants to tho dignity of type status is a procedure 
which can only lead to confusion There appears to be more than a little 
justification for the adoption of a conservativ e attitude m this matter 

A minor point, quite unrelated to the subject matter, is that m parts 
of tho book the names of groups and types are italicised while elsewhere 
they are not 

The differentiation of Escherichia and Klebsiella types 

ByF Kauffjiann 1951 Springfield, Ill , Charles C Thomas Oxford, 
Blackwell Scientific Publications Ltd Pp \ and 57 15s 

Friedlander’s bacillus and Bacterium aerogenes, culturally indistinguish¬ 
able, are combined into one group, the Klobsiella As a group the} can 
easily be distinguished from typical Bacterium toll (the Escherichia group) 
but the intermediate and irregular forms are not mentioned 

The greater part of tho book deals with the serological anal} sis of each 
group which, because of tho multiphcit} of antigens, is difficult and complex 
In addition to tho usual O and H antigens, strains of tho Escherichia group 
have K antigens that maj bo thennolabile (L and B) or thermostable (A), 
those of the Klebsiella group have only one K antigen of the thermostable 
capsular type Tho twenty fiv o Escherichia O groups are subdtv ided into 
93 types b} the K and H antigens , but finaht} has not been achieved for 
tho last chapter tells us that the type common m infantile gastro enteritis 
(D 433 of Joan Tft}lor, a of J Smith) forms a new O group named 111 
(one hundred and eleven) by Ivauffmann 

Tho four O groups of Klebsiella aro subdiv ided b} an ev er increasing 
number of capsular antigens, some of which are related to Escherichia A 
antigens m tho way that Friedhmder typo B is related to pneumococcus 
typo II 

This book, winch is a companion volume to Kauffmann’s The diagnosis 
of Salmonella types, is a simple statement of one worker’s methods , there 
are cnl} ten references, five to Kauffraann and five to other Scandinavian, 
workers It contains much less information than tho author’s more com 
prehensiv e Entcrobactcnacccc 
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Recent advances in the study o£ plant viruses 

By Kenneth M. Smith. 2nd ed., 1951. London: J. & A. Churchill, Ltd. 
Pp. viii and 300 ; 27 figs, on 20 plates and 33 text figs. 22s. 6d. 

Great progress has been made in all branches of virus research since the 
first edition of this book appeared in 1933, and the present edition is in 
fact a new book rather than a new edition. The value of this book is 
somewhat lessened by the fact that its publication follows closely that of 
another text on the same subject. The subject-matter is divided in 12 
chapters dealing with the nature and economic importance of plant viruses, 
the external and internal symptoms and their variation as influenced by 
the environment and the effects of viruses on the metabolism of the diseased 
plant. Insect transmission is discussed critically and a separate chapter is 
concerned with the other modes of transmission. The next four chapters 
deal with the purification, properties and size of the viruses and the 
importance of the electron microscope in virus research. The last three 
chapters are devoted to strains, immunity to infection, serology and control 
measures. An admirable account of symptomatology and the relation of 
the viruses to their vectors is given. Chapter VIII, amounting to 59 pages, 
is devoted to a detailed description of methods which were used in the past 
to estimate the size of virus particles. Such methods are now only of 
historical interest and should have been mentioned briefly. The photographs 
are of high standard and the book contains many references. 


Bakteriologie und. Serologie 

By Lothab. Hallmann. 1950. Stuttgart: George Thieme Verlag. 
Pp. xi and 644 ; 374 text figs. (93 in colour). DM. 29.70, §7. 

This book is written by a bacteriologist in charge of a hospital laboratory 
as a guide for those engaged in this,,type of work. Stress is naturally placed 
on the routine methods to be followed in establishing diagnosis by isolating 
and identifying bacteria, skin tests and serological reactions. Fungus, 
protozoal and virus infections are all treated, though not exhaustively. 
The serological reactions used in diagnosis are considered at greater length, 
the description of complement-fixation technique being especially detailed. 
The sections on general laboratory methods are particularly useful; the 
preservation of cultures, anaerobic cultivation, counting of bacteria, 
preparation of agglutinable suspensions, and methods used in relation to 
the use of antibiotics and such practical aspects are clearly described. In 
the last section of the book there are summarised notes on specimens to be 
collected and examinations to be made in the diagnosis of individual infec¬ 
tions. Formulae for stains, fixing solutions, indicators and general reagents 
are included and there is a useful list of references to recent papers on specia 
culture media. 

There are, here and there, a few surprising statements : precipitins are 
said to be thermolabile bodies (p. 376), the cause of mumps is unknown 
(p. 323) and mention of the Schick test on p. 216 suggests that the time or 
reading the results is after 24-28 hours. Some of the newer bacterio ogica 
techniques used to aid epidemiological investigations in this country are 
not to be found in the book, for example phage typing of typhoi an 
paratyphoid B bacilli, phage or serological typing of staphylococci. _ or ® 
is no mention of the prenasal and postnasal swab for the diagnosis o 
pertussis in young children and methods for the investigation o ' 
infections are rather sketchy. On the whole, however, the material is we 
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arranged and this book is full of useful information, the illustrations are 
good and for routine bacteriological work it should prove a useful and 
reliable guide to the hospital pathologist 


Exotischo Krankheiten und Krankheitsverlauie 

By r O Horing 1950 Stuttgart Georg Thieme Verlag Pp xi and 
407 , 52 text figs DM 36, $S 55 

Germany has always been proud of her tropical medicine institutes 
Although circumstances have severely curtailed their scope, they remain 
in being, and the present textbook is evidence of continued mterest in the 
subject The book covers more than tropical diseases as such Its scope is 
diseases not indigenous to Germany and also indigenous diseases m so far 
as they ran on altered course in hot climates It is addressed primarily to 
the doctor practising abroad and to the “ stay at home ” who sees imported 
cases of exotic diseases Professor Horing writes from the clinical stand 
pomt, hygiene, bacteriology and parasitology are touched upon only so 
far as is unavoidable Even with this restriction the field is too large for 
anything like exhaustive treatment within 400 pages There is nothmg 
m the book not easily available m the English literature, with the exception 
of some unfamiliar and debatable ideas on pathogenesis, but Professor 
Honng does not here develop his theories m sufficient detail to mterest the 
pathologist The text will present no difficulty to a reader with a competent 
knowledge of German but is beyond the beginner 


Praktikum der wichtigsten Inlektionskrankheiten 

By C Hegler 5th ed , revised by H E Bock, 1950 Stuttgart Georg 
Tlneme Verlag Pp xi and 277 DM 14 70, $3 50 

This is a short textbook for the general practitioner Although it sets 
out to cover only the most important fevers, many others, not in themselves 
of major importance, are described This is either because they are of 
differential diagnostic mterest, e g Filatow Duke disease, or, like Q fever 
and homologous serum jaundice, because information is not readily available 
in German literature Many advances made m other countries during the 
war years are even yet not easily accessible to the general practitioner in 
Germany and Professor Bock explicitly sets out to provide information of 
this kind The book is fully up to date but contains nothing which cannot 
be found m a modem English textbook It is lucidly written and a reader 
with but little German will find no difficulty in following the text 



PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

12th and 14th July 1951 

The eighty-third meeting of the Society was held at the University of Liverpool 
on Friday, 13th July, and Saturday, 14th July 1951 

Communications and demonstrations 
Those marked with an asterisk are abstracted below 

T. Crawford. Anitschkow cells of the rabbit’s heart. 

H. A. Sissons and G. Had field. The influence of cortisone on the repair of 
experimental fractures. 

*Mary Barber and A. Delaunay. The effect of the plasma of animals treated 
with cortisone on the growth of macrophages and fibroblasts in tissue 
culture. 

F. R. Magarby and J. Gough. The effect of cortisone on the reaction to silica 
in the peritoneal cavity. 

H. Hamferl. Circulation of blood and localisation of pathological processes 
in the liver. 

J. V. T. Gostling. Observations on the viability of cells of sarcoma 37. 

M. A. Epstein. The effects of cold and desiccation on the cells and virus of 
the Rous sarcoma. 

*W. Goldie and D. H. Collins. Erysipelothrix arthritis in rabbits. 

Elizabeth M. Harper and G. B. S. Roberts. Experimental actinomycosis 
in mice. 

A. de Minjer. Hypothermia, thyroid gland and hepatic glycogen. 

J. B. Dugotd and G. S. Anderson. The pathogenesis of hyaline arteriolo- 
selerosis. 

A. L. Wells. Arterial changes in coal workers’ pneumoconiosis. 

Ian Rannte. Observations on the pathogenesis of cholesterol lesions in rabbits’ 
arteries. 

A. H. Cruickshank.. In-vivo studies of the resistance to infection in alloxan 
diabetes. 

C. V. Harrison. Long survival in Hodgkin’s disease. 

A. M. Barrett. Hypoplasia of the internal jugular veins associated with 
aneurysm of the great vein of Galen and cerebral arterio-venous hamartoma. 

L. Dmochowski, L. Hoyxe and R. D. Passey. Immunological studies of the 
milk factor. 

R. J. O’Connor. The action of acridine compounds on cell division. 

*W. St. C. Symmers and D. F. Barrowclief. Platelet thrombosis syndrome. 

J. M. Naftaltn and G. H. Cushnie. Pathology of bracken poisoning. 

H. E. Hutchison, J. A. Milne, A. Porter and J. B. Rennie. Further experi¬ 
ments with H.P.C. 

R. Pirrie. The effect of splenectomy and reticulo-endotbelial blockade upon 

the amemia of lead poisoning in guinea-pigs. 

E. S. Duthie. Mode of action and antigenic properties of coagulase. 

S. D. Blek. Some observations on a proteophage. 

E. M. Brieger and A. M. Glauert. Reproduction in mycelial strains of avian 
tubercle bacilli. 
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1949 ; Blunt et al., 1950). Taubenhaus and Amromin (1950) and Coste el al. 
(1951) found that cortisone had a similar inhibitory effect on granulation-tissue 
production in turpentine abscesses in rats. The present investigation was 
undertaken to determine -whether the plasmas of animals treated with cortisone 
have a direct action on the growth of fibroblasts and macrophages in vitro. 

Cultures of fibroblasts were prepared from the hearts of chicken embryos ; 
for macrophages guinea-pig spleens were used. Tests were carried out on 
initial cultures without a preliminary period of normal growth. Small fragments, 
about 1 mm. in diameter, were placed in 1 drop of an extract of guinea-pig 
spleen and 1 drop of heparinised guinea-pig plasma was added. At least 16 
cultures were used for each plasma tested and the growth was compared with 
that of a similar series of cultures in normal plasma. 

The preparation of cortisone used throughout was cortisone acetate (Merck). 
This was administered to guinea-pigs by three routes: subcutaneous, 1 mg. 
per 30 g. body weight once daily for 3 days, the animals being bled on the fourth 
day; intraperitoneal, a single dose of 25 to 5 mg. 1-4 hours before bleeding; 
intravenous, 25 mg. 1 minute-2 hours before bleeding. 

With this large dosage many animals showed signs of exhaustion at the time 
of bleeding and some even died before blood had been taken. Furthermore, 
the plasma of a number of animals which were ill contained microorganisms, 
and other plasmas showed evidence of hyper-coagulability. In all, 20 plasmas 
suitable for tissue culture work were obtained from treated guinea-pigs. 

Of the plasmas of 20 animals treated with cortisone, 11 showed a marked 
inhibitory action in tissue cultures; of these, 7 inhibited the growth of both 
fibroblasts and macrophages and 4 inhibited the growth of fibroblasts but had no 
apparent action on spleen cultures. In many instances the inhibition of growth 
was complete and with other plasmas where growth did occur it was often atypical 
and showed signs of early degeneration. Of the plasmas of 6 guinea-pigs treated 
with large doses of de-oxy-corticosterone acetate, 4 showed no significant effect, 

1 inhibited the growth of fibroblasts and macrophages and 1 stimulated the 
growth of both types of cell. 

Centrifuged washed deposits of cortisone crystals were resuspended separately 
in the plasma of 6 normal guinea-pigs. After incubation at 37° C. for 2-48 hours 
the mixtures were centrifuged and the clear supernatant was used as plasma for 
tissue cultures. In all 6 instances these treated plasmas caused an almost 
complete inhibition of growth of fibroblast and spleen cultures. 

In an attempt to determine whether the inhibitory plasmas from the above 
experiments were cytotoxic as well as inhibiting growth, 5 such were tested for 
their efFect on the chemotactic movements of polymorphonuclear leucocytes. 
In 2 instances the movements of leucocytes suspended in these plasmas were 
normal. The other 3 plasmas caused an almost complete inhibition of chemo- 
taxis, but when the leucocytes were separated by centrifugation and resuspende 
in normal plasma the power to respond to chemotactic stimuli was restore . 
Thus in no instance were the cells killed. 

It is clear from the results here recorded that the plasma of guinea-pigs 
treated with large doses of cortisone in many instances strongly inhibits t e 
growth of fibroblasts in tissue culture in vitro and in some instances that of macro 
phages also. In view of the large doses used this direct effect cannot be regar cc 
as physiological. Similarly large doses, however, have been used in most o to 
experimental studies on the inhibition of granulation tissue by cortisone in vivo. 
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were frequently encountered. But polymorphonuclear heterophile leucocytes 
were often plentifully diffused through the stratum synoviale, and small pockets of 
suppuration were occasionally seen. Joint exudates were mucinous and turbid 
not usually frankly purulent, and contained 50 to 80 per cent, of granulocytes! 
the remaining cells being monocytes and lymphocytes. Cartilage destruction 
or digestion was not seen, and adherent synovial pannus was found only at the 
margins of the cartilages. A chronic inflammation in the marrow spaces of the 
bone ends and reactive sub-periosteal osteogenesis were sometimes noted. 
Arthritic animals are being kept alive with a view to studying late cicatricial 
changes in the joints. These have not yet been seen. 

Blood cultures were occasionally positive during life (3 out of 16), but, 
in animals coming to necropsy, blood and spleen cultures were consistently 
negative, with the exception of one animal with bacterial endocarditis. Joint 
cultures have been positive in 22 of 48 arthritic joints examined after death. 

The original strain of E. rhusiopathice was No. 1224 of the National Collection 
of Type Cultures. We have not so far been able to detect any variation in the 
pathogenicity of this strain as the result of rabbit passage. 

A verrucose bacterial endocarditis with large vegetations on the mitral 
valve was found in one animal. Lymphocytic infiltration in the portal 
tracts was seen in many livers but no parenchymatous necrosis. Light peri¬ 
vascular cuffing by lymphocytes was seen around some small coronary branches 
in two hearts, but, so far as we know, arthritis was the sole constant major 
pathogenic effect of E. rlmsiopathice infection under the conditions of our 
experiments. 
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PLATELET THROMBOSIS SYNDROME 

W. St. C. Symmebs and D. F. Barrowcliff 

From the Department of Pathology, University of Birmingham, and the 
Central Pathological Laboratory, Warwick 

The so-called platelet thrombosis syndrome (thrombotic thrombocytopenic 
purpura, thrombocytic acroangiothrombosis) has not attracted much attention 
outside the United States. We have recently seen the following ease. 

A previously healthy man, aged 40, developed mild sciatica associated with 
early sacro-iliac ankylosis. Four months later he developed licematuria with 
granular easts and 0-2 per cent, of protein in the urine, which previously was 
normal. His blood urea was 146 mg. per 100 ml., Hb. 10-4 g., erythrocytes 3-0 
million per c.mm. and blood pressure 160/90. Acute nephritis was diagxmsec. 
For six weeks the patient had intermittent pyrexia with disproportionate 
tachycardia; haemorrhagic retinopathy developed and anicm'm increasec , 
nitrogen retention, proteinuria and hEomaturia diminished. Transitory menta 
and neurological disturbances occurred. Examination of the cerebrospina 
fluid showed : protein 40 mg. per 100 ml., globulin test (Pandy) faintly positive, 
cells, sugar and chlorides normal. He was treated by blood transfusion, penici in 
and streptomycin. After the streptomycin course severe hallucinosis occurrec 
during four days. Thereafter, blood urea fell rapidly to 38 mg.; proteinuria, 
macroscopic hiematuria and fever disappeared; Hb. rose from 7 to 9-2 g-» 
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Laboratory findings include thrombocytopenia and severe normocytic 
normochromic anaemia, often with a high reticuloeytosis and possibly circulating 
normoblasts. Leucocytes are usually little altered, but immature cells may 
be numerous; the picture has sometimes been described as “ leukremoid 
Bleeding time is prolonged, clot retraction defective and clotting time usually 
normal. Excess globulin and moderately raised total protein have been found 
in the cerebrospinal fluid. 

Macroscopic findings at necropsy are not characteristic. Histological 
examination reveals wide dissemination of the remarkable vascular changes 
described above. 

The aetiology is unknown. Allergy has been suggested, and sensitivity to 
sulphonamides noted. Relationship to the so-called collagen diseases seems 
likely. Coexistence of typical lesions of platelet thrombosis, disseminated lupus 
erythematosus and polyarteritis nodosa has been observed; a family history 
of the latter diseases has been noted twice in cases of platelet thrombosis 
syndrome. 

The syndrome has twice been correctly diagnosed during life. It should 
be recognisable oftener. Biopsy might prove diagnostic : muscle biopsy nine 
weeks before our patient’s death was normal. No effective treatment is known. 
Splenectomy possibly accelerates death. The apparent relationship to the 
collagen diseases suggests that cortisone or ACTH may prove valuable, 
particularly if the diagnosis is made early. 

We are indebted to Dr S. R. F. Whittaker, Leamington Spa, and Dr V. V. 
Kalbian, Stratford-on-Avon, for access to the clinical record of the case 
described here. 
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A NOTE ON TUBERCULOSIS IN THE FERRET 
(MUSTELA FURO L.) 

C. N. Ieand, W. St. C. Symmers and A. P. D. Thomson 

From the Department of Bacteriology, University of Bristol, and Departments of 
Pathology and Anatomy, University of Birmingham 

The ferret is highly susceptible to experimental infection by 
tubercle bacilli but relatively insusceptible to human and avian strains ( un 
al., 1929; Goret and Mariette, 1939). Spontaneous tuberculosis is commoner tii 
the few reported observations might suggest (Dunkin et al. ; Dalling an non, 
1935 ,- Spanedda, 1941). MacIntyre (personal communication) observed tn 
as many as 60 per cent, of ferrets obtained from dealers may be infec e wi 
avian tubercle bacilli, which cause an insidious, Yersin type of tu ercu 
with splenomegaly, in contrast to the extensive gross lesions typica 0 
common infection by bacilli of the bovine type. Infection results , 

with sick poultry or infected milk or meat, and is preventable. a 
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Only occasional histiocytes, many of them containing one or two bacilli, were 
found in any of the other tissues. 

The organism is a short, strongly acid-and-alcohol-fast bacillus which grows 
slowly on Dorset’s egg medium, Lowenstein-Jensen medium and inspissated ox 
serum. Its growth is not augmented by adding glycerol to any medium or by 
incubation at 41° C. Scarcely any yellow pigment is produced, and the growth 
is flat, dry and confluent. Smears do not show the clumps and twisted coils of 
bacilli characteristic of smears of most strains of tubercle bacilli; instead, the 
organisms are spread remarkably evenly with a fairly uniform distribution. 
The organism is pathogenic to the rabbit (dose of 0-001 mg. intravenously), 
guinea-pig and ferret, but not to the rat. The results of inoculation of birds 
are not yet available. Re-isolated from the experimentally infected ferret, 
the organism showed the same cultural characteristics and pathogenicity as 
previously. 

An interesting feature was that the acid-and-alcohol-fast organisms in smears 
of exudate and excreta from the original ferret and in sections of its tissues 
were also strongly Gram positive when stained by the ordinary methods at 
room temperature. In cultures and in the tissues of animals subsequently 
infected, including the second ferret, this staining characteristic is not so 
apparent. 

We are indebted to Dr C. D. Cruickshank, Bromsgrove, for looking after the 
animal which was infected experimentally, and for his help with the bacterio¬ 
logical studies. 
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THE FORMATION OF ABNORMAL DIPHTHERIA 
ANTITOXIN IN THE EARLY STAGES OF IM¬ 
MUNISATION 

Mollis Baku 

From the Biological Division, Wellcome Research Laboratories, 
Beckenham, Kent 

It has long been known that qualitative differences may exist among 
•diphtheria antitoxic sera, so that their curative power m animal 
experiments may not he solely dependent upon the antitoxic value as 
determined by standard methods It is always possible that sera of 
low dilative poww may dafimnt 111 tsstam imrecogmMsi Vat 
necessary antibodies Nevertheless there is much ovidence that the 
generallj recognised antitoxin present in samples of sera from different 
hi penmmunised horses may vary qualitatively m the efficiency with 
winch it neutralises the appropriate toxin The term “ avidity ” 
was introduced by ICraus to describe this qualitative property (sec 
Kraus and Schwoner, 190S , Kraus and Baccher, 1913) 

It is probable that all workers experienced in the comparison of 
samples of antitoxin by in vivo methods have the same general 
conception of the meaning of avidity Two factors contributing to 
this pioperty are the speed of combination of the antitoxin with 
toxin {Madsen and Schmidt, 1926, 1930) and the firmness of the 
combination (Glenny and Bare, 1932a and b) At the present tune 
these properties cannot be fully measured by an 1 n-v 1 t.ro test It 
therefore seems unfortunate that some workers now use the word 
audit} to describe certain manifestations observed m the titration 
of other types of antibod} by in vitro tests only 

Madsen and Schmidt (1926) found that an Lo mixture (i e one just nun 
toxic to guinea pigs after subcutaneous injection) of a certain toxin with a 
fast flocculating antitoxin was non toxic to rabbits when injected ultra 
ienous!y immediate!} after preparation 4. similar mixture prepared with a 
slow flocculating serum was lethal to rabbits until 14 hours after preparation, 
i ms iuct — ros loan 2 k 
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These two sera were further compared by injecting them intravenously into 
rabbits one hour after the intravenous injection of 6 M.L.D. of toxin. Whereas 
10 units of the fast serum were sufficient to save the life of the rabbits, 150 units 
of the slow serum were needed. These results indicated that speed of flocculation 
might constitute a useful measure of avidity. 

It was suggested hy Glenny and Llewellyn-Jones (1931) and Glenny and 
Barr (1932a) that the quality of antitoxin was related to its serum ratio 
in-vivo value _ „ , 

in-vitro value ra ™ er tiian to s P e ed of flocculation ; sera of comparable avidity 

may have widely different flocculation times. Whereas the in-vitro value of 
an antitoxin can in general be represented by a constant figure, the in-vivo 
value of a non-avid antitoxin varies according to the conditions of the test 
and is lower than the in-vitro value when determined under standard conditions. 

That mixtures of toxin with non-avid antitoxin might dissociate and become 
toxic on dilution was shown by Glenny, Pope and Waddington (1925). They 
found that certain mixtures which produced no reaction in guinea-pigs after 
intracutaneous injection in the undiluted state, produced toxic reactions if 
injected after being diluted 1 in 100. 

Extending this work, Glenny and Barr (1932b) studied the effect of intra¬ 
cutaneous injection into guinea-pigs of different dilutions of the same mixture 
of toxin and non-avid antitoxin. No reactions were produced by dilutions of 
1 in 100,000 or weaker because insufficient toxin was present; nor were reactions 
caused by dilutions of 1 in 100 or stronger because the toxin was all combined 
with antitoxin. The injection of dilutions between 1 in 2000 and 1 in 50,000 
was followed by the appearance of typical toxin reactions caused by toxin 
dissociated from combination on dilution in vitro. Slightly stronger dilutions, 
1 in 200-1 in 1000, produced unusual reactions in the form of rings of varying 
width with an outer diameter of 12-15 mm. or more. The development of such 
reactions suggested that further dilution of the mixtures in the tissue fluids, on 
diffusing out from the site of injection, had brought about dissociation after 
injection. 

Further evidence of dissociation of mixtures in vivo was obtained from the 
results of intravenous injection of different volumes of the same mixture of 
toxin and non-avid antitoxin into rabbits (Glenny and Barr, 19325). Doses 
of 1'0 ml. or more were non-Jetbal to rabbits, but doses between 0*001 and 
0*5 ml. caused death. This was ascribed to the liberation of toxin from the 
mixture on dilution in the circulation of the animals after intravenous injection; 
some doses had undergone an additional earlier dilution in vitro. The dilution 
of the larger, non-lethal doses was assumed to be insufficient to bring about the 
dissociation of a fatal dose of toxin. Dissociation can occur on diluting mixtures 
which have stood for several weeks ; this suggests that the combination of 
toxin with some at least of the non-avid antitoxin is loosely linked and does 
not become firmer with time. 

A quantitative measure for use in the comparison of avidity of different 
samples of diphtheria antitoxin was introduced by Glenny and Barr (1932a). 
Their procedure consists in the titration by the guinea-pig intracutaneous 
method of antitoxin at two levels of dilution. The volume of antitoxin neeessarj 
to neutralise the Lr dose of toxin in a total volume of 2 ml. is divided by tha 
required to neutralise to the same end-point in a volume of 200 ml., and the 
resulting figure is termed the “dilution ratio”. The antitoxins of which a 
greater volume is necessary for neutralisation in the 200 ml. test are relative j 
non-avid and have a dilution ratio less than 1*0. In the titration of g 00! 
quality antitoxins, on the other hand, the same or a slightly lower volume o 
serum is required to neutralise the test dose of toxin in the more dilute 
The actual value obtained for the dilution ratio depends upon the toxin use 
in titration (Barr, 1949), the more toxic the toxin, in terms of the number o 
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M.Pv.D. per Lr dose, the lower tho dilution ratio. The dilution ratio of most 
sera, however, when referred to that of a suitable chosen standard antitoxin, 
was found to be constant within tho limits of error, whatever toxin was used. 

Experimental 

It is probably known to most observers engaged in testing tho 
antigenic efficiency of diphtheria prophylactics, that non-avid anti¬ 
toxin is frequently produced by the test guinea-pigs. This was first 
pointed out by Glonny, Barr, Ross and Stovens (1932), and recently 
Jeme and Maaloe (1949) using a modification of the dilution-ratio 
test of Glonny and Barr (1932a) obtained lower tifcrcs for such sera 
when tested at a high dilution. Tho first example of non-avid anti¬ 
toxin-production in guinea-pigs was recorded by Glenny (1913-14) 
before the significance of the finding was understood. Antitoxin of 
extreme non-avidity is often present in the sera of guinea-pigs one 
month after a small single injection of purified toxoid adsorbed on to 
mineral carriers. It is not possible to measure the dilution ratio of 
such antitoxin because tho titre is too low, but rough tosts on pooled 
samples have shown that more than three times as much antitoxin 
may be needed for neutralisation if the test mixtures are dilutod 10-fold 
before injection. In the routine titration of such samples, large faint 
positive reactions maj r bo seen in tho guinea-pigs used as indicators, 
and any attempt at close testing reveals the long range between tho 
nil end-point and that at which a good positive reaction is obtained. 
These findings are evidence of non-avidity. 

The reason for the appearance of this typo of antitoxin has not 
been investigated, and at one time it was supposed at these laboratories 
that it might be a property of this particular species of animal. 
Recently, however, evidence of non-avidity has been obsorved in the 
titration of certain sera from human subjects bled 14 days after a 
boosting dose of prophylactic (unpublished). Petrie (1942-44) also 
found that antitoxin produced by horses after a single dose of tetanus 
prophylactic tended to show a liigher titre when tested by the mouse 
method than by the guinea-pig method. The lower titre obtained 
in guinea-pigs was assumed to be due to dissociation of the test 
mixtures after absorption and dilution in tho body fluids, this effect 
being greater in the larger animal than in tho smaller one (see Glenny 
el at, 1932). 

These findings suggested that the quality of antitoxin produced 
might be connected with a low degree of immunity such as exists 
in prophylaxis. The quality of diphtheria antitoxin produced in tho 
very early stages of immunisation has now therefore been studied. 

Materials and methods 

For an investigation of this hind, horses are tho most suitable 
animals to use, because frequent injections can be given and relatively 
large blood samples taken as required. In tho determination of tho 
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dilution ratio of samples of low titre, it was necessary to modify the 
original method and the actual ratio introduced by Glenny and Ban-. 
The ratio used in this work was that of the amounts of serum necessary 
to neutralise toxin at the Lr/100 and Lr /1000 levels of titration. In 
practice two toxin dilutions were used, the Lr in 10 ml. and the Lr 
in 100 ml. Varying amounts of suitably diluted serum were added 
to 1 ml. of each toxin dilution, the test mixtures were made up to 
2 ml. with saline and 0*2 ml. of each injected intracutaneously into 
guinea-pigs half an hour after preparation. Ring reactions were rare 
in the titration of the non-avid samples. They are usually produced 
after the injection of relatively strong mixtures, and in these particular 
titrations the mixtures were probably insufficiently strong for their 
formation. The absence of this tjqre of reaction increases the ease 
of reading the results, and in consequence the accuracy of the values 
allotted. Titrations were made at 10 per cent, differences at each 
dilution and repeated 4 or 5 times. It has been found advisable to 
accept as neutral mixtures those containing the minimal amount of 
free toxin. By allotting figures to reactions graded according to size 
and intensity, it is possible to calculate the composition of such 
mixtures. 


Results 

In the first experiment, a dose of 5 ml. (250 Lf doses) of diphtheria 
prophylactic alum-precipitated toxoid (A.P.T.) was injected intra¬ 
muscularly into a number of so-called normal horses. Blood samples 
were taken 10 and 14 days later and subsequently at weekly intervals. 
Some of these horses had low titres of circulating antitoxin before 
injection and were therefore “ naturally immune Others with no 
detectable antitoxin before injection responded by measurable anti¬ 
toxin-production 10 days later and were classed as “ potentially 
immune ”, and the remainder had no detectable antitoxin either before 
or 10 days after the injection of A.P.T. These horses were classified 
as “ non-immune ”, but some might have possessed a low-grade 
potential immunity. 

It is not possible to titrate at the Lr/100 level, under the conditions 
of this experiment, sera of lower value than about 0-2 unit per ml. 
The titres reached by the naturally immune horses, after a single 
injection, were sufficiently high for samples to be titrated for avidity 
The potentially immunes and non-immunes, however, required two 
injections in order to produce a high enough titre for dilution-ratio 
measurements to be possible. Values of the dilution ratio for 
individual horses are given in table I: values for the immune 
horses are those after one injection, and for the other groups those 
after two injections of A.P.T. . , 

It is clear that considerable differences in values were obtaine 
in the different groups. Nearly all the naturally immune horses 
produced antitoxin of average or good avidity, six of the eight dilution 
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ratios being over 1 0 AH horses in the non-mnmme group produced 
non-avid antitoxin after two injections of A P T, the majouty being 
veiy non-avid, aU the dilution ratios for horses m this group ivero 
loner than any recoidod in the naturally-immune group after one 
injection Onl; three potentially immune horses were injected, and 
the rabies m the second cohnnn of table I show that their average 
dilution ratio w as intermediate botiv eon those for the other two groups 


Tahle I 

Values of the dilution ratio of antitoxin produced by “ normal " horses 
10 14 days after injection with APT 


Natural!) immune hor«es 
(after 1 Injection) 

PoteatlaUv Immune liofhca 
Ofttf 2 Injections) 

Non Immune Jion'ca 
{after 2 Injections) 

1 09 

0 90 

0 71 

1 07 

0 81 

0 70 

1 07 

0 G4 

0 G9 

1 0G 


0 G5 

1 04 


0 03 

1 02 


0 00 

0 94 


0 00 

0 87 


0 50 

{ Uerages 1 02 

0 7S 

0G35 


The results m table I strongly suggest that a lelationslup exists 
between the degree of immunity of the animals and the quality of 
antitoxin produced by them after injections It is perhaps surprising, 
bower er, that such a marked difference m dilution latio should exist 
between non immune horses aftei receiving two injections of A P T 
at an mterr al of a month and other horses receiving one such injection 
after earlier stimulation from natural infection Several unknown 
factors are connected ruth naturaUy immune horses These include 
the number of natural stimulations and their duration together 
mth the time between the last of these and the injection of A P T 
It is possible that relatir ely weak stimulation continued over a long 
period, as may occur in infection, may predispose an animal to produce 
antitoxin of good quality Further, the quality and nature of the 
antigen produced m infection in living tissue may differ considerably' 
from that produced artificially in media 

In order to determine vvhethei the dilution ratio changed aftei 
the peak of production 10 14 days aftei injection, further blood 
samples were tested at various intervals, and the results are shown 
m table II Although a maximum error of about 10 per cent could 
theoretically be expected in the measurement of tho dilution ratio, 
that obtained in practice is usuaUy considerably lower. It w as show n 
(Barr, 1949) m the determination of tho dilution ratio of fourteen sora 
against five chffeient toxins, that the ratio could be measured with 
extreme accuracy against one of tho toxins The values obtained for 
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the fourteen sera against this toxin all fell within ±3 per cent, of the 
expected values calculated from means involving all five toxins and 
all fourteen antitoxins. The toxin used in the present experiment 

Table H 


Values of the dilution ratio of diphtheria antitoxin in serum from 
horses bled at different times after injection with A.P.T. 


Horse no. 

Time after injection 

Greatest 
discrepancy 
(per cent.) from 
mean value 

10-14 days 

4 weeks 

6 or S weeks 

7044 

1-04 

1-06 

0-9S 

4-6 

7039 

1-02 

1-06 

1-01 

2-9 

7149 

1-06 

1-05 

1-03 

1-6 

7145 

1-07 

1-08 

1-06 

0-93 

7144 

1-09 

1-10 

1-10 

0-64 

7000 

0-90 

0-89 

0-83 

4-9 

7038 

0-64 

... 

0-67 

2-3 

7046 

0-70 

... 

0-68 

1-4 

7023 

0-47 

... 

0-46 

1-1 

7042 

0-63 

... 

0-62 

0-80 


was of the same general type as that referred to in 1949 , and the 
greatest discrepancy from the mean value is under 5 per cent, (table U). 
It is therefore probable that none of these changes in dilution ratio 
was significant and that any change of 10 per cent, would be well 
outside the limits of experimental error. 

The effect of successive injections on avidity 

Further injections of A.P.T. were given to some of the horses and 
the quality of the antitoxin again investigated by dilution-ratio 
determinations. The results obtained are shown in table III, which 
includes later values for a few other horses that responded too poorly 
for dilution-ratio measurements to he made after two injections. It 
will be seen that, within the limits of error of the test, there was no 
change in dilution ratio after the second injection of A.P.T. into the 
horses that had normal antitoxin at the start of the experiment. 
Subsequent injections brought about a slight steady increase in horse 
7284 ; this horse had an extremely low normal titre before injection 
and might be expected to have had poor potential immunity at the 

start of the experiment. . 

It will be noted that four horses in the immune group received 
only two injections of A.P.T. Further injections were not given to 
these horses because they made considerable responses to the second 
injection; the stage reached after two injections was that of early 
hyperimmunisation, as compared with a stage of advanced prophylaxis 
reached after one injection. Whereas the average titre of these horses 
waS 6-0 units per ml. after one injection, it rose to over 50 units after 









ABNORMAL DIPHTHERIA ANTITOXIN 


563 


the second injection The two remaining horses received additional 
injections, and 7284 reached a value of 15 units only after tho fourth 
and fifth injections , 720G, which had 40 umts after the third injection, 
■was intermediate between 7284 and the remainder It will be noted 
that the dilution ratio of sera from tins horse remained remarkably 
•constant after successive injections, and it appears from table HI 

Table HI 

The effect of successive injections of A P T on the dilution ratio 
of antitoxin produced by horses 


Horse no 

"Normal immunltj state 

Dilution ratio 14 daja after injection no 

1 

2 

3 

4 

5 

c 


Naturally immune 







7144 

antitoxin 0 01 untt/ml 

1 09 

1 02 





7145 

„ 0 004 

1 07 

1 09 





714!) 

„ 0 04 

1 06 

1 00 





7044 

„ 0 002 „ 

1 04 

0 96 





7284 

„ 0 0005 „ 

0 94 

0 93 

1 00 

1 08 

1 11 

1 12 

7206 

„ 0 001 „ 


1 03 

1 02 

1 02 

1 01 

1 00 

7000** 

Potentially immune 


0 90 

0 99 

1 04 

1 01 

1 00 

7038** 



0 64 

0 90 

1 06 

1 03 

0 98 

7204 



0 81 

0 975 

0 99 

1 02 

1 01 

7203 




0 91 

0 94 

0 98 

1 01 

7207 




0 82 

0 90 

0 93 


7216 




0 75 

0 825 

1 01 

1 00 

7046** 

Non immune 


0 70 

0 DO 

0 93 

0 99 

1 00 

7042** 



0 63 

0 99 

1 01 

1 07 

0 94 

7040** 



0 60 

0 78 

0 99 

1 06 

0 95 

7023** 



0 47 

0 89 

0 99 

1 01 

1 00 

792?! 



0 71 

0 81 

0 85 

1 01 


7261 



0 69 

0 81 

0 91 

0 99 

1 03 

7288 



0 65 

0 79 

0 94 

1 00 

0 94 

7292 



0 60 

0 77 

0 86 

0 91 

1 01 

7285 



0 50 

0 68 

0 66 

0 87 

0 91 

7259 



. 

0 74 

0 82 

0 95 

0 91 

7283 





0 58 

0 76 

0 79 

7289 



* 

* 

* 

0 81 

0 82 


** Interval between second and third injections 4 months intervals for remainder, 
1 month 

* Antitoxic values too low for dilution ratio determinations 


that, with the exception of 7284, the quality of antitoxin produced 
had reached a steady level after one injection Horse 7284 had the 
lowest normal titre and was the poorest responder m the group 

The remaining horses, whether classified as potentially immune 
or non immune at the time of the first injection, produced antitoxin 
of better quahty after successive injections, with a suggestion of a 
maximum level eventually bemg reached Although some of the 
increases m value of the dilution ratio may appear to be withm the 
limits of error of the test, the progressively increasing trend gives 
significance to the changes recorded 







564 


MOLLIE BARR 


There is a suggestion that a fall in dilution ratio may have occurred 
in some cases after reinjecting horses which had reached the stage of 
producing good quality antitoxin. This occurs to an appreciable 
extent in three of the naturally immune horses after their second 
injection and in a few of the original potentially immunes and non- 
immunes after the sixth injection. In the majority of such cases the 
fall in dilution ratio is just within the estimated error of the test, hut it 
appears worth while to investigate the matter further. The dilution 
ratios recorded in table III are all those of samples taken two weeks 
after injections were given. It is possible that when potential immunity 
has reached a relatively high level, higher than that of the majority 
of horses whose values are shown in table II, changes in avidity may 
occur with time, in the absence of reinjection, and that the value of 
the dilution ratio of antitoxin two weeks after injection may be low. 
This tentative suggestion is based on results shown in the figure and 
discussed later, but it should be noted that in most cases in which a 
fall appeared to have occurred there was considerable antitoxin- 
production at this stage, as noted above, for some naturally immune 
horses after two injections. 

The figures in table III suggest that initial differences in power 
to respond and in degree of potential immunity may play an important 
part in the determination of the number of injections necessary to 
produce antitoxin of good avidity. Evidence of considerable differences 
in potential immunity and power of so-called normal horses to respond 
to prophylactic injections of A.P.T. has already been furnished (Barr, 
1950). It has already been pointed out, on the evidence provided in 
that paper, that some of the horses classified in tables I and III of 
this paper as non-immune may in fact have been potentially immune 
before any injections were given. 

Consideration of table III shows that some of these “ non-immune 
horses (7046, 7042, 7040, 7023) produced antitoxin of slightly higher 
dilution ratio after the third and fourth injections than did some 
of the potentially immunes (7203, 7207, 7216). There are two 
possible reasons for this; the first that all tliese horses were actually 
potentially immune and that those classified as non-immune had 
the better power of response; alternatively, that the longer interval 
between the second and third injections given to the last-named 
horses favoured an earlier improvement in the quality of antitoxin 
produced. Tins difference in interval between injections may account 
for individual differences in the potentially immune group, and for 
the difference between the first four “ non-immunes ” and theremainc er 
of the group. 

It will be noted that dilution-ratio values are not recorded tor 
some horses until they had received three, four or five injections. 
The reason for this was that titres produced earlier were too low or 
dilution-ratio measurements to be made. Such horses can there ore 
be regarded as relatively refractory to immunisation, and in genera 
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they required more injections than others in the same group before 
antitoxin of reasonably good avidity was produced For examplo, 
the dilution ratio for horse 7289 (foot of table III) after five or six 
injections of A P T was of the same order as that produced by many 
other horses after only three injections 

There is thus a strong indication that the number of injections 
necessarj’' before antitoxin of good avidity is produced depends on 
the normal immunological state of the animal, this state includes 
the power of response to stimulation and the degree of potential 
immunity It is possible that some animals are incapable of producing 
avid antitoxin 


Increase, m dilution ratio with time 

It was concluded from the results shown in table II that no change 
in dilution ratio occurred after the peak of production 10-14 days 
after injection, o\er the period durmg winch observations were made 
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Fio —The titre and dilution ratio of antitoxin m a naturally immune person at different 
times after a boosting doso of punfiod toxoid 

A definite increase was recorded, however, in blood samples taken 
from a person at different times after a boosting dose of purified 
toxoid The antitoxic titres and values of the dilution ratio of these 
samples are shown m the figure very non avid antitoxin was present 
two weeks after injection and a slow improvement occurred in course 
of time There was insufficient serum to determine the dilution ratio 
of the 22 week sample 

It is possible that the first, rapidly produced antitoxin appearing 
after secondary stimulation of an imperfectly de\ eloped mechanism, 
may in certain circumstances be of the same loosely combining type 
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as that produced in response to an earlier stimulation. Antitoxin 
of better avidity may conceivably be formed more slowly, after the 
initial hurried production has ended. Although no blood sample was 
taken before the 14 th day after injection it is probable that very rapid 
production occurred in this person, because the value of the 14 -day 
sample was 61 units per ml. and a considerable fall was recorded for 
some weeks before flattening of the curve occurred. 

The absence of any measurable increase in the dilution ratio of 
antitoxin in the horses shown in table II may be due to certain 
conditions of the experiment, for example the use of a precipitated 
antigen. On the other hand, as suggested earlier in this paper, an 
increase in dilution ratio without further injection might occur in 
horses at a later stage in prophylaxis when basal immunity was 
better but still not fully established. It is interesting to note that the 
person in this experiment probably possessed good potential immunity; 
at the time of the injection he had 0-24 unit of diphtheria antitoxin 
per ml. though he had never received any injections of prophylactic 
previously. 

Discussion 

The results recorded here show that antitoxin produced in the 
very early stages of immunisation is of poor quality. This early 
antitoxin is only capable of fixing toxin loosely and not until a later 
stage can it neutralise firmly. This suggests that the production of 
non-avid antitoxin in byperimmunisation may frequently be due to the 
forcing of the antibody-producing mechanism before it is fully equipped. 
A horse insufficiently prepared for hyperimmunisation may be unable, 
under the strain of frequent, increasing doses of antigen, to increase 
the output of antitoxin and at the same time improve its quality. 
Hyperimmunisation may thus result in the production of antitoxin 
of low titre and poor avidity, for it has been shown (Barr and Glenny, 
1943-46) that there is a relation between quantity and quality in the 
hyperimmunisation of horses producing diphtheria and tetanus anti¬ 
toxins. A relation was found between the antitoxic titre and the 
serum ratio. 

It was suggested (Barr, 1950) that the term “ basal immunity 
might well be reserved for a standard of immunological preparation 
of an animal adequate for a particular purpose. This should at all 
times include a high degree of potential immunity, but it now appears 
that for hyperimmunisation an adequate standard is reached only 
when the animal is producing antitoxin of good quality. 

It is well known that in the production of tetanus antitoxin in 
non-immune horses rest is necessary after the preliminary injections 
given to establish basal immunity. If hyperimmunisation is starte 
before this basal immunity is well established, antitoxin of low tx re 
and poor avidity results. During the period of rest it is proba e 
that the antitoxin-producing mechanism continues to develop in t e 
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process of continued production without injection, and that the quality 
of the antitoxin formed slowly improves with time. That this 
phenomenon can occur very soon after secondary stimulation is 
shown in the figure. The offect of a course of injections given before 
this improvement had been achieved might be a delay in reaching 
this state through the forcing of an imperfectly operating mechanism, 
insufficiently developed to deal with largo quantities of antigen. It 
is shown in table III that a delay of 3 months from tho second to the 
third injection of A.P.T. may be beneficial regarding the quality of 
antitoxin produced. 

Petrie attempted to prepare tetanus antitoxin in a horse that 
had not received the usual preparatory doses of toxoid followed 
by a resting period. Although an efficient antigen was used, the 
antitoxic titre reached was under 50 International units (1928) after 
two courses of immunisation. It is clear that the antitoxin was 
extremely non-avid, for the ratio of the value found by testing in 
mice to that found in guinea-pigs was '> 340/100, “ the most discrepant 
inverse ratio met with ” in a piece of work dealing with the antitoxio 
values of sera as measured by these methods using a number of 
different toxins. It is unfortunate that in this valuable work the 
test doses of toxin were fixed against a non-avid antitoxin (a former 
British standard). Because of this, the majority of sera used, which 
were of average avidity, gave lower titres by the mouse test than by 
the guinea-pig test, and no satisfactory explanation was forthcoming. 
The reason for this finding must have been the use of too low a test 
dose in the guinea-pig titrations in relation to that used in the mouse 
titrations. These doses had been fixed against an abnormal antitoxin 
which combined loosely with toxin, so that considerable dissociation 
occurred after injection into the larger animal, in consequence of 
which an abnormally low guinea-pig test dose was adopted. With 
one of the toxins, the ratio of the test doses (guinea-pig/mouso) was 
0-70 ; of nineteen sera tested,the range of ratios of apparent antitoxic 
values (mouse/guinea-pig) was 0-58 to 1-51, and twelve were between 
0-63 and 0-78, nine of these within 0 per cent, of 0-69. If one of these 
antitoxins had been used to fix the test doses, the majority would 
thus have had a ratio of approximately 1-0, and, had the ratio been 
inverted (guinea-pig value/mouse value), the values obtained for 
non-avid antitoxins would have been less than 1-0, which seems more 
reasonable for any ratio used to measure avidity. 

Evidence of change in quality of other typos of antibody during 
immunisation has been provided by various workers. Thus Pappon- 
lieimer (1940) obtained a non-precipitating antibody in the early stages 
of immunisation of a horse with egg albumon. Heidelberger and 
Kendall (1935) found that a fraction of low-grade or incomplete 
antibody was present in all rabbit anti-egg albumen sera ; this matorial 
was incapable by itself of producing precipitates with antigen. This 
finding may be compared with the earlier conclusions of Barr and 
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Glenny (1931) and Glenny and Barr (1932a) in the fractionation of 
diphtheria antitoxic serum from hyperimmunised horses. Fractions 
of different quality were prepared from a single serum, suggesting 
that all sera might contain antitoxin of different grades of avidity. 
ICekwick and Record (1941) found that the diphtheria antitoxin 
associated with the y-globulin fraction of a hyperimmunised horse 
differed in certain properties from that in the /3-globulin fraction: 
the serum ratios differed, and the composition of the floccules formed 
with toxin. They suggested that the relative proportions of the /3 
and y components might influence the qualitative properties of 
different sera. With the exception of Pappenheimer’s work, these 
observations were made on sera from well-immunised animals. 

It is not known whether qualitative differences observed by in- 
vitro and by in-vivo methods have the same fundamental significance. 
At the present time, avidity of antitoxins in the in-vivo sense cannot 
be estimated by an in-vitro test alone; moreover it is well known 
that precipitation or flocculation is affected by chemical and physical 
conditions. Hartley (1925) showed that after ether extraction a 
diphtheria antitoxic serum would no longer flocculate with toxin, 
though its power of neutralisation remained. 

It seems possible, however, that the first antibody appearing in 
the circulation may be “ immature ” as suggested by Petrie; this 
immaturity might consist in a deficiency in specific combining groups. 
As immunisation proceeds, or as the antibody-producing mechanism 
becomes more efficient, the number or spacing of the combining groups 
may approach that required for the ideal firm neutralisation of toxin 
by the antitoxin molecule. The first-produced antitoxin might thus 
be an ill-formed antibody to a well-defined antigen. 

On the other hand, the heterogeneous nature of toxins and toxoids, 
as well as of antitoxins, requires serious consideration. Qualitative 
differences exist among crude toxins and toxoids, both as regards 
antigenic efficiency and, among toxoids, binding power for antitoxin. 
It has been shown that the affinity of toxoids for antitoxin is roughly 
correlated with their antigenic efficiency both in guinea-pigs and in 
the hyperimmunisation of horses, and that the affinity of toxoids for 
non-avid antitoxin is low (Barr and Glenny, 1949). Differences in 
“ goodness of fit ” have been observed between certain samples of 
diphtheria toxin and antitoxin (Barr, 1949) and tetanus toxin and 
antitoxin (Petrie ; Glenny and Stevens, unpublished). This may be 
shown byr the finding of abnormally high or low values of certain 
antitoxins when titrated against certain toxins, and Petrie obtainec 
indications of higher antitoxic values when sera were titrated against 
the same toxin or type of toxin as that used in the immunisation o 
the animal. 

All these findings can he regarded as evidence of variation oi 
heterogeneity among antigens, and an example of abnormal behaviour 
in vitro was recorded by Barr and Glenny (1938). A certain diphtheria 
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antitoxin of serum ratio 3 14 gars a constant titio when tested by 
flocculation agamst eight different batches of toxin When tested 
against twenty-three different toxoids, however, higher values were 
mv anably obtained, the serum appearing from 9 to ov er 40 per cent 
stronger than the accepted constant v aluo recorded against unmodified 
toxins 

It seems clear that the affinity of different antitoxins for toxoids 
shows variation All culture filtrates contain natural toxoid, and it is 
possible that the piesence of this material, which may vary in quality 
as well as m quantity, may be responsible for differences in goodness 
of fit or firmness of combmation 

Petrie suggested that crude tetanus toxins could be regarded as 
mixtures of a primary toxin molecule and an antigenic variant of it 
Tetanus antitoxic serum would likewise consist of mixtures, m varying 
proportions, of the corresponding antitoxins Barr and Glenny (1949) 
suggested that different molecules of an antigen might hav e a common 
basic structure with slight stenc differences which assisted or hindered 
firm combmation with antitoxin A similar state of affairs might exist 
among antitoxin molecules 

It is thus possible that loose combmation might ocoui between 
various shghtly dissimilar antigen and antibody molecules and that 
at all stages of immunisation antitoxic sera consist of a mixture of 
well formed antibodies to a number of shghtly different antigens 
As immunisation proceeds there would presumably be an increase m 
the proportion of the typo of antibody which combmes most firmly 
with the mam toxic constituent of the majority of test toxins 

Summary 

Diphtheria antitoxin produced after two injections of A P T into 
non immune horses or horses with feeble potential immunity is 
non avid The avidity progressively improves as further injections 
of antigen are given and m many instances reaches a steady level 

Although changes m avidity were not observed m these horses 
if they were not reinjected, a definite progressive improvement with 
time was observed in serum from a person aftor a single boosting 
dose Tlus may be due to very rapid production m a person with good 
potential immunity 

The number of injections necessary to produce antitoxin of good 
avidity depends on the normal immunological state of tlio horse, t e 
capacity to respond, and degree of potential immunity' The spacing 
of injections may also play a part 

It is probable that the production of non avid antitoxins in hyper- 
lmmumsation is frequently due to the forcing of an mcompletely 
developed antitoxin producing mechanism 

The early non avid antitoxin may be an incomplete or ill formed 
antibody to a single antigen, or a heterogeneous collection of well- 
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5 76.322 : 576.852.27 (Lcejflerella pseudomallei ) 

FLAGELLATION AND TAXONOMY OF 
WHITMORE’S BACILLUS 

C. S. Brindle and S. T. Cowan 

National Collection of Type Cultures, Coltndale Avenue, London 
(Plate XCIV) 

Polar flagellation is characteristic of bacterial genera in the family 
Pseudomonadaceze, and peritrichous flagellation of motile species m 
the families Enterobacteriaccze and Parvobacteriaceze. Whitmore’s 
bacillus is classified in the Parvobactenaceso by Breed et al. (1948) 
and m the Mycobacteriaceze by Wilson and Miles (194G) but in the 
descriptions of the organism the type of flagellation is not mentioned. 
We decided to stain the flagella of strains in our Collection; the 
technical difficulty of doing this probably accounts for the lack of 
information in the literature. 

Cultures and methods 

Strains, Wo havo eight strains of Whitmore’s bacillus; their source and 
date of isolation are shown in tho tablo Culturally, all the strains are typical 
but the older ones have lost much of their ability to ferment carbohydrates ; 

Table 


Source of strains 


1 

Strain 

Date 



NGTC 

no 

Name 

isolated or 
received 

Source 

Reference 


Rat 

1923 (R) 

Melioidosis m rat 

Stanton and Fletcher 
(1924-25) 


Ragaviah 

1923 (R) 

Melioidosis m man 

„ 


S 397 

1935 (I) 

Monkey (Singapore) 



S 390 

1935 (I) 

Monkey (Singapore) 


K~7mS 

Haigh 11787 

1942 (I) 

Abscess (England) 

Grant and Bnrwell (1943) 

■ 

Harries 

1948 (R) 

Melioidosis m man 
(Burma) 

Harries et al. (1948) 

7431 

Guy’s 

1948 (I) 

Jameson (1949) 


AHS 1 

1949 (R) 

Sheep in Australia 


(I) = date of isolation 

(R) — date recen ed in N C.T.C. if date of isolation is not known 


all are agglutinated by serum from rabbits immunised against strain 7431. 
We havo not made any animal experiments to determine pathogenicity, but 
all the strains were known to be pathogenic to guinea-pigs before deposition 
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in the National Collection of Type Cultures. To increase motility, Craigio 
tubes in semi-solid glycerol agar were inoculated (Craigie, 1931) and incubated 
at 30° C. 

Preparation of films. Cultures were grown on nutrient agar slopes for 
10-15 hours at 30° C., and films prepared by a method shown to us by Mr E. 
Clark of Queen Charlotte’s Hospital. A drop of distilled water was put in the 
centre of a grease-free slide ; the growth was touched with a straight wire 
and the tip put in the drop of water. After the wire tip had been in the water 
for 1-2 minutes the holder was lowered so that it was horizontal and the distal 
end of the wire was in contact with the slide. The drop spread along the wire, 
and by movements to the right and to the left it was spread as a thin film, which 
was allowed to dry in the air. 

An alternative method was used for strains that were not actively motile 
on nutrient agar. These were grown for 15-18 hours at 30° C. in peptone water 
containing 0-5 per cent, glycerol. The culture was centrifuged lightly and 
four-fifths of the supernatant fluid removed. Sterile distilled water was added 
to replace about half of the fluid withdrawn. Incubation was continued for 
1 hour at 30° C. and a loopful spread by Clark’s method. 

Fixing and staining. Films were fixed in Kirkpatrick’s mercuric fixative 
.(Muir and Ritchie, 1927) for 1-2 minutes, and then washed with water. 
Kirkpatrick’s mordant (Browning and Mackie, 1937, p. 124) was applied for 
15-20 minutes, the film washed, and the slide dried on edge. Kirkpatrick’s 
silver solution (Browning and Mackie, p. 125) was filtered on to the dry film, 
heated gently until a metallic scum appeared on the edge of the film (usually 
10-15 seconds), and the stain allowed to act for another 30-60 seconds, after 
which it was flooded off with water. Finally, the film was stained for 5 minutes 
with carbol-fuchsin diluted 1 : 10, washed, dried, and mounted in neutral 
•Canada balsam or DePeX mounting fluid. 


Results 

We examined hundreds of films and usually found that although 
-the flagella were stained they*- were detached from the bacillary bodies 
and formed tangled masses. We concentrated on young, actively 
motile cultures and on methods of making films that were least likely 
to detach the flagella. The methods described gave the best results, 
but at least ten films had to he made and examined to find one rod with 
attached flagella. 

Eventually we stained flagella on seven of our strains, and the 
flagellar attachment was always polar. Usually there were two 
flagella at one pole but sometimes they were more numerous, 
•occasionally flagella were seen at both poles. The flagella were so 
fine that they did not present good contrast for photography unless 
they'- were twisted together near the point of origin (figs. 1 and 2). 


Taxonomy 

We believe onr cultures were authentic strains of Whitmore s 
bacillus ; if that is accepted, we have established that the flagellation 
of this species is polar. The taxonomic position of the species mus 
be reconsidered in the light of our findings. 
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Stanton and Fletcher (1924 25) produced good evidence that 
Whitmore’s bacillus was closely related to the glanders bacillus and 
most taxonomists now include both organisms m the same genus 
Pons (1927) suggested that it occupied a position intermediate between 
the glanders bacillus and Pseudomonas pyocyanea , Legroux and 
Genevray (1933) thought that Whitmore’s bacillus was pentnchou9ly 
flagellated, and decided that, apart from the absence of a serological 
relationship, the species was more closely allied to Ps pyocyanea 
than to the glanders bacillus The similarity between Whitmore’s 
bacillus and the blue pus organism seems to have confused Castellani 
who, in describing a new species before the Societe Portugaise de 
Biologio on 8th July 1948, said “ Dans ma opinion, le microorgani9mo 
est tres pres du Malleomyces pscudomaUei (Bacille de Whitmore), 
et ll peut etre plac6 le meme genre (Malleomyces) ” (manuscript 
hindly supphed by Dr A Castellani) We examined a culture of 
“ Castellam’s new species, Malleomyces licemorrulcogenes, but we thought 
it was a strain of Ps aeruginosa (Ps pyocyanea) Dr W C Haynes 
(personal commumcation) of the Northern Regional Research 
Laboratories, Peoria, Illinois, agrees with our determination 

Our finding that the flagellation of Whitmore's bacillus is polar 
strengthens the argument for a close relationship to the genus 
Pseudomonas, and virtually forces the species into the family Pseudo 
monadaceae , it can either be incorporated m a genus already in that 
family, or the family can be enlarged to include the genus of which 
it is a species Only two genera of the Pseudomonadaceie need to be 
considered Pseudomonas and Xanthomonas Pseudomonas species 
are usually characterised by the production of wator soluble pigments 
but non pigmented species occur as parasites m the ammal and plant 
worlds It would be wise to exclude Whitmore’s bacillus on the 
ground that although it is a pigment producer the pigment is not 
soluble m water Xanthomonas is an off shoot of Pseudomonas and 
was created by Dowson (1939) for pseudomonads that do not show 
the fluorescent colonies of Pseudomonas species, but produce a yellow 
pigment insoluble m water Whitmore’s bacillus often shows a yellow 
pigmentation of its colony and has many other characters in common 
with Xanthomonas species, but until thorough comparisons have been 
made between Whitmore’s bacillus and these plant pathogens we 
do not think it prudent to include Whitmore’s bacillus in this 
genus 

We are left without a choice , we must enlarge the family Pseudo- 
monadaceoi to include the genus of which Whitmore's bacillus is a 
species We agree with Stanton and Fletcher that Whitmore’s bacillus 
is closely related to the glanders bacillus , the relationship is that 
of two species in tho same genus It follows, therefore, that if one 
species is translated to the family Pseudomonadaceoe, the whole genus 
must go with it 
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Stanton and Flotclior (1924-25) produced good ovidonco that 
Whitmore’s bacillus was closoly rolated to tho glandors bacillus, and 
most taxonomists now includo both organisms in tho samo gonus. 
Pons (1927) suggested that it occupied a position intermediate botweon 
the glanders bacillus and Pseudomonas pyocyanca ; Legroux and 
Genevray (1933) thought that Whitmore’s bacillus was poritrichously 
flagellated, and decided that, apart from the absonco of a serological 
relationship, tho species was moro closoly allied to Ps. pyocyanea 
than to the glandors bacillus. Tho similarity botweon Whitmore's 
bacillus nnd the bluo-pus organism seems to have confused Castollani 
■who, in describing a now species boforo tho Society Portugaiso do 
Biologio on 8th July 1948, said “ Dans ma opinion, lo microorganismo 
est tres pres du Malleomyccs pseudomallci (Bacillo do Whitmore), 
et ll pout etro plac6 lo memo genre (Malleomyccs) ” (manuscript 
kindly suppliod by Dr A. Castellani). Wo oxamined a culture of 
Castellam’s new species, Malleomyccs limmorrulcogcnes, but no thought 
it was a strain of Ps. aeruginosa (Ps. pyocyanea). Dr W. C. Haynes 
(personal communication) of the Northern Rogional Research 
Laboratories, Peoria, Illinois, agrees with our determination. 

Our finding that tho flagellation of Whitmore’s bacillus is polar 
strengthens tho argument for a closo relationship to tho gomis 
Pseudomonas, and virtually forces tho species into tho family Psoudo- 
monadace.'e ; it can cither be incorporated in a genus already in that 
family, or tho family can bo enlarged to include tho genus of which 
jt js a species. Only t»o genera of tho Psoudomonadacoxo need to bo 
considered : Pseudomonas and Xanthomonas. Pseudomonas spooies 
are usually characterised by tho production of wnter-solublo pigments 
but non-pigmented species occur ns parasites in tho animal and plant 
worlds. It would bo wiso to exclude Whitmore’s bacillus on tho 
ground that although it is a pigment-producor tho pigment is not 
soluble in w-atcr. Xanthomonas is an off-shoot of Pseudomonas and 
was created by Dowson (1939) for pseudomonads that do not show 
the fluorescent colonies of Pseudomonas species, but produco a yellow 
pigment insoluble in water. Wliitmoro’s bacillus often shows a yollow 
pigmentation of its colony and lias many other characters in common 
with Xanthomonas species, but until thorough comparisons have been 
made between Whitmore’s bacillus and these plant pathogens we 
do not thini; it prudent to includo Whitmore’s bacillus in this 
genus. 

Wo are left without a choice ; w o must enlarge the family Pseudo- 
monadaceai to includo the genus of which Whitmore’s bacillus is a 
species. We agree with Stanton and Fletcher that Whitmore’s bacillus 
is closely related to the glanders bacillus ; tho relationship is that 
of two species in tho samo genus. It follows, therefore, that if one 
species is translated to the family Pseudomonadacece, the whole genus 
must go with it. 
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Nomenclature 

The classification of a bacterium is a matter of opinion ; nomen¬ 
clature is much simpler. Matters of opinion hardly arise as we are 
guided by the principles, rules, and recommendations of the bacterio¬ 
logical code (Buchanan, St John-Brooks, and Breed, 1948). 

Whitmore (1913-14) named his organism Bacillus pseudomallei’, 
Stanton and Fletcher (1921), without producing evidence, changed 
this to Bacterium whitmori on the ground that the specific epithet 
“ pseudomallei ” was invalid. The genus Bacillus, circumscribed by 
international agreement (Second Internat. Congr. Microbiology, 1936), 
excludes Whitmore’s bacillus which, on transfer to another genus, 
must have its original specific epithet re-established (Rule 18). This 
epithet, “ pseudomallei,” “ must not be rejected, changed, or modified 
merely because it is badly chosen or disagreeable, or because another 
is preferable or better known ” (Rule 23). 

The generic name is that of the type species of the genus, in this 
case the glanders bacillus. The glanders bacillus has been included 
in many different genera (see Breed et al., 1948) but Pfeifferella 
(Buchanan, 1916, 1918) was the first genus of which it was the type 
species. The name Pfeifferella was a clerical error (Buchanan, 1925) 
and is an illegitimate later homonym of Pfeifferella Labbe (Becker, 
1951). Bergey et al. (1939) suggested Malleomyces Pribram but as 
this is a later homonym of Malleomyces Hallier, it seems to us that 
Lceffierella (Gay et al., 1935) is the valid name of the genus, and 
that the complete citation should be Lozjjlerdla pseudomallei 
(Whitmore) Gay et al. 

SUMMARY AND CONCLUSIONS 

1. Flagella were stained on seven of eight strains of Whitmore’s 
bacillus. In every strain the attachment of the flagella was polar. 

2. The species is closely related to the glanders bacillus (a non- 
motile organism) and the type of flagellation warrants inclusion in 
the family Pseudomonadacese. 

3. The two species should form a genus, but at present this genus 
should not be combined with any accepted genus of the family 
Pseudomonadacese. 

4. The complete citation of Whitmore’s bacillus is Lasfflerella 
pseudomallei (Whitmore) Gay et al. 
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CORYNEBACTERIAL ENDOCARDITIS: WITH RE¬ 
PORT OF A CASE DUE TO TOXIGENIC 

COR YNEBACTRlil UM DIPHTHERIAS 

C Pike 

Si Mary's Hospital Medical School, London 

The isolation of C diphthcruc from tho blood stream of c-iseis of 
clinical diphtheria during life lias been reported by a number of 
workers since von Nicsscn (1*102) made the first observation 

Roedchus (1013) isolated tho organism in three out of 187 coses in\ cstignted 
Elhcles (1929) reported two cases of diphtheria with positive blood cultures 
and in ono the organism was shown to bo toxigenic A gravis typo C diphtheria: 
was grown from tho blood 2G hours beforo death in a enso of faucial diphtheria 
described by Chi \\ u and Ts*un (193G) 

In some cases, how e\ or, tho blood cultures ga\o mixed growths Thus 
Leedo (1911) isolated C diphtheria: together with nn h'emoljtic streptococcus 
from ono of 18 cases of diphtheria, and ono of three cases described by Raedejlius 
gn\o a streptococcus m addition to C diphtheria: 

Some authors gno onlv scan tv bacteriological data (Ucho, 1908, Leeda, 
1911, Morgan, 1913) fo that proof that tho organism isolated was m fact 
<7 diphthcruc is lacking Indeed, Zinsser and Bavne Jones (1934) considered 
that thcro was no e\idcnco that true C diphtheria: septicemia could occur m 
life 

Thcro is an oxtensivo hteraturo, largely German, on tho isolation of C 
diphthcruc from tho blood and organs at autopsy in cosos of diphtheria LaoFHer 
<1884) reported tho isolation of C diphthcruc from tho In or at autopsy i n a 
number of cases Lcede (1911, 1913) found C diphtheria: in heart blood post 
mortem in four cases out of G2, and in eight cases out of 130 that lmd had 
tracheotomy Mixed cultures nlso occurred, and evidence for the identity of 
tho organisms reported as C diphtheria: is often insufficient Elheles isolated 
€ diphtheria: from tho organs at post mortem in 33 of G4 cases of diphtheria 
He regarded tho occurrence of tho organisms in tho internal organs as an agtmai 
phenomenon 

A patient with faucial diphtheria who do\ eloped endocarditis was obser\ ed 
by Chian (1933) Blood cultures were not made during life, but at autopsy the 
presence of endocarditis was confirmed, and C diphtheria% virulent for guinea 
pigs, was isolated from tho vegetations on tho tricuspid valve Ho reported a 
similar case two years later (Chian, 1935) Virulent C diphtheria: was isolated 
by Lenti and Wirz (1938) from the blood of a patient with faucial diphtheria 
on tho day before death At autopsy, mitral endocarditis was found and 
organisms were demonstrated in sections of the vegetations 

Kessel and Romanoff (1930) described tho isolation of C hoffmant from both 
the blood and the cerebrospinal fluid in a caso of meningitis No mention of 
endocarditis was made, and this patient recovered In a senes of 730 patients 
submitted to diagnostic blood culture, Thompson (1932) found diphtheroids 
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COR YNEB ACTERLAL ENDOCARDITIS; WITH RE- 
PORI' OF A CASE DUE TO TOXIGENIC 
COR YNEB ACTE It IUM DIPHTHERIA 

C Pike 

St Marys Hospital Medical School, London 

The isolation of G diphtheria: from the blood stream of cases of 
clinical diphtheria during hfo has been leported by a number of 
workers since von Nicssen (1002) made the first observation 

Rocdchus (1913) isolated the organism m threo oat of 187 cases investigated 
£|kolas (1929) reported two cases of diphtheria with positivo blood cultures 
and in ono the organism w ns shown to bo toxigenic A gra\ is typo C diphtheria: 
wns grown from tho blood 26 hours beforo death in a enso of faucial diphtheria 
described b> Clu \\ u and 3 s un (1936) 

In aorno cases, however, tho blood cultures gavo mixed growths Tims 
Lcedo (1911) isolated C diphtheria: together with an h'cmolytic streptococcus 
from ono of 18 cases of diphtheria, and ono of threo cases described bj Roedclius 
gavo a streptococcus in addition to C diphtheria ? 

Somo authors give onl> scantv bacteriological data (Ucko, 1908, Leodo, 
1911 , Morgan, 1913) 60 that proof that tho organism isolated was m fact 
<7 diphtheria? is lacking Indeed, Zinsser and Bayne Tones (1934) considered 
that there was no ovidcnco that true C diphtheria: sopticccmia could occur m 
hfo 

There is an extensive literature, largolj Gorman, on tho isolation of G 
diphtheria: from tho blood and organs at autopsj m cases of diphtheria LoefHer 
(1884) reported tho isolation of C diphtheria: from tho liver at autopsj m a 
number of coses Lcedo (1911, 1013) found C diphtheria: m heart blood post 
mortem in four cases out of 62, and m eight coses out of 130 that had had 
trnclicotomy Mixed cultures also occurred, and evidcnco for tho identity of 
tho organisms reported as C diphtheria: is often insufficient Elkeles isolated 
C diphtheria: from tho organs at post mortem in 33 of 04 coses of diphtheria 
Ho regarded tho occurrence of tho organisms m tho internal organs as an agonal 
phenomenon 

A patient with faucial diphtheria who developed endocarditis was observed 
by Chian (1933) Blood cultures aero not made during life, but at autopsy tho 
presence of endocarditis was confirmed, and C diphtheria:, virulent for guinea 
pigs, was isolated from tho vegetations on the tricuspid valvo Ho reported a 
similar case two years later (Chian, 1935) Virulont G diphtheria: was isolated 
b> Lenti and Wire (1938) from tho blood of a patient with faucial diphtheria 
©n tho day before death At autopsy, mitral endocarditis was found and 
■organisms wero demonstrated m sections of tho vegetations 

Ivessel and Romanoff (1930) described the isolation of C hoffmam from both 
the blood and the cerebrospinal fluid in a case of meningitis No mention of 
endocarditis was made, and this patient recovered In a senes of 730 patients 
submitted to diagnostic blood culture, Thompson (1932) found diphtheroids 
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in 30. One of these had endocarditis both clinically and at autopsy, but although 
the primary culture grew small bacilli, subcultures produced typical streptococci. 
Pleomorphic streptococci that can resemble diphtheroids are well known, and 
were used by Welch et al. (1935-36) to produce experimental endocarditis in 
rabbits. 

That diphtheroids from the skin may appear in blood cultures as contaminants 
when technique is faulty is of course universally recognised. Tow and Wechsler 
(1932) reported a case of endocarditis, confirmed at autopsy, in which G. hoffmani 
was isolated from the blood during life. Cocci, however, were also recognisable 
in sections, and in the final paragraph the authors conclude that the cocci were 
the causative organisms. Babes and Manolesco (1908) found an organism 
resembling G. diphtherice together with a streptococcus in the aortic vegetations 
of a case of endocarditis. 

Finally, a number of cases of endocarditis due to C. diphtherias have been 
reported in wliich the patient did not manifest clinical diphtheria. In most of 
these, however, the organism was not toxigenic. Howard (1893) observed a 
man of 44 with diarrhoea and pyrexia who died from circulatory collapse. At 
autopsy, endocarditis was found, and an organism indistinguishable from 
C. diphtherice was isolated which proved to be avirulent for guinea-pigs and 
rabbits. Roosen-Runge (1903) reported a case of mitral endocarditis due to a 
non-toxigenic C. diphtherice and another of tricuspid endocarditis due to a 
similar organism (Roosen-Runge, 1925). Sutherland and Willis (1936) described 
a case of endocarditis with isolation of a non-toxigenic G. diphtherice both from 
the blood during life, and from the vegetations and organs at autopsy. Kaschel 
(1937-38) reported a similar case with mitral vegetations and isolated a non- 
toxigenic G. diphtherice. 

Very few cases are on record of bacterial endocarditis due to a toxigenic 
G. diphtherice in patients showing no clinical evidence of diphtheria. Herzog 
(1918) described a patient with pyrexia in whom mitral vegetations were found 
at autopsy. On culture they yielded a toxigenic C. diphtherice, but no cultures 
were made during life. Buddingh and Anderson (1937) reported a case of 
recurrent epistaxis in a boy of 16 years. At autopsy mitral endocarditis was 
found and cultures grew a toxigenic G. diphtherice. A Gram-positive bacillus had 
been grown from the blood during life, but was not further identified. 

The following case falls into this last category, and appears to be 
the third in the literature. 

Clinic al history and course 

A Canadian infantryman aged 24, serving in the Italian theatre, 
had been fit and well until 16th January 1944, when he developed 
abdominal pain and anorexia. On the 19th he was admitted to a 
medical unit where his temperature was found to be 100° F. A blood 
slide examination showed infection with Plasmodmm falciparum and 
a course of quinine, gr. 10 t.d.s., was started. By the 23rd the 
temperature appeared to have settled and mepacrine was substituted 
for quinine. On the 24th the temperature rose to 103-4° F. and 
P. falciparum was again found in a blood film. Quinine was given 
intravenously and repeated on the following day. Sulphathiazole 
was also started on the 24th as adventitous sounds were heard in the 
right chest. By the 29th the temperature had settled; sulphathiazole 
was stopped but mepacrine was continued. 
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since admission. On the 13th, the corynebacterium from the first 
blood culture was shown to be morphologically and culturally in¬ 
distinguishable from C. diphtheria}. Accordingly 80,000 units of 
antidiphtheritic serum were given intravenously. On the 14th, the 
drip was discontinued and sulphapyridine given by mouth, 6 g. per 
diem. An organism had now been isolated from the second blood 
culture indistinguishable from the first. 

During the 15th the general improvement was maintained. There 
was now no pain or tenderness in the chest or abdomen. The apical 
murmur became more marked. Ophthalmoscopy showed a circular 
haemorrhage with a white centre near the upper temporal branch of 
the left retinal artery. During the evening of the 16th the temperature 
rose again to 103° F., but there was no change in the general condition. 
Blood slides were negative for malarial parasites. The temperature 
remained at about 100° F. until the 20th, when the sulphapyridine 
was discontinued after a total of 60 g. 

On the 21st, at 09.00 hrs., the patient was restless and complained 
of numbness in the right leg, and his pulse rose to 120 and the 
temperature to 102-5° F. The right femoral pulse could not be felt. 
The left was easily palpable. The right femoral artery appeared to 
be in spasm and could be felt as a cord. The popliteal and dorsalis 
pedis pulses could not be felt on either side. All forms of sensation 
were diminished below the right knee. The plantar reflexes were 
flexor. By 15.00 hrs. there was distinct cooling of the right foot 
and pallor of the toes. On the following day the blood pressure in 
the left thigh was 140/100 mm.Hg., but not recordable on the right. 
A third blood culture was taken. 

The temperature remained around 102° F. until the 26th. Dining 
this time the blood was negative for plasmodia, the urine contained 
albumin, urobilin, scanty leucocytes, red cells and granular casts. 
Examination of a loose stool revealed no blood, mucus or parasites. 
A corynebacterium had been isolated from the third blood culture. 
On the 26th, examination showed no difference in the temperatures 
in the feet, improved movements on the right side, and numbness 
confined to the distal half of the right foot. The right femoral pulse 
was just palpable. 

During the evening of the 26th the patient collapsed, but improved 
after an injection of Nikethamide. He was noticed by the night sister 
to be aphasic and hemiplegic. Examination on the 27th showed 
complete right hemiplegia and dysarthria. There was lateral deviation 
of the left eye and the general condition was very poor. On the 
28th the patient lapsed into a stuporose condition which persisted 
until his death. On the 1st March the temperature rose terminally 
to 105° F. and he died at 03.40 hrs., six weeks after the onset of 
illness. 
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Bacteriology 

Tlio organism isolated from tlio blood possessed tho following 
characteristics:— 

1. Profuso growth in glucose broth and, surprisingly, in bile-salt 
' water. 

2. Morphology : Gram-positive bacilli arranged in Chinese figuring 

showing mctachromatic staining with motliylono bluo followed 
by acetic acid; morphologically indistinguishable from 0. 
diphtheriat. 

3. Colonics on horse blood-agar after 24 hours wero pale, smooth, 

regular, about 0-1 cm. in diamotcr, surrounded by a narrow 
zono of luemolysis. 

4. Colonies on Hoyle’s tollurite medium at 48 hrs. wero smooth, 

round, dark grey in colour, and about 0-1 cm. in diameter. 

5. Broth cultures showed polliclo formation with a granular 

deposit. 

G. Biochemical reaction (scrum-water sugars):— 

Carbohydrate 

Gluco*?o 
Saccharose 
Starch . 

Lactoso 

7. On blood-agar tho organism was inhibited by sodium sulpha- 

pyridino using the gutter plate method. 

8. Virulonco tests (guinea-pigs): 

(а) Intradermal tests: Eight wero performed using three 

separato test animals and three separate control animals. 
In all tests tho organism appeared to bo virulent. 

(б) Injection of whole cultures : Two test animals died ; two 

control animals protected with 1000 units of diphtheria 
antitoxin intraperitoneally survived. Autopsy on animals 
dying showed pleural effusions, haemorrhages in the 
suprarenale, and inflammatory oedema at the inoculation 
sites. 

The organism was therefore considered to be a virulent, toxigenic 
gravis strain of Corynebacterium diphtherial. 

Autopsy rraDnras 

Autopsy was performed six hours after death and showed :— 

External appearances. A few bluish macules were recognisable over 
tho chest and abdomen, and two bluish patches over the right great 
toe. The right leg was rotated outwards. A small conjunctival 


Acid Clot 

-f- + 

+ 4- 
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since admission. On the 13th, the corynebaeterium from the first 
blood culture was shown to be morphologically and culturally in¬ 
distinguishable from C. diphtherice. Accordingly 80,000 units of 
antidiphtheritic serum were given intravenously. On the 14th, the 
drip was discontinued and sulphapyridine given by mouth, 6 g. per 
diem. An organism had now been isolated from the second blood 
culture indistinguishable from the first. 

During the 15th the general improvement was maintained. There 
was now no pain or tenderness in the chest or abdomen. The apical 
murmur became more marked. Ophthalmoscopy showed a circular 
haemorrhage with a white centre near the upper temporal branch of 
the left retinal artery. During the evening of the 16th the temperature 
rose again to 103° F., but there was no change in the general condition. 
Blood slides were negative for malarial parasites. The temperature 
remained at about 100° F. until the 20th, when the sulphapyridine 
was discontinued after a total of 60 g. 

On the 21st, at 09.00 hrs., the patient was restless and complained 
of numbness in the right leg, and his pulse rose to 120 and the 
temperature to 102-5° F. The right femoral pulse could not be felt. 
The left was easily palpable. The right femoral artery appeared to 
be in spasm and could be felt as a cord. The popliteal and dorsalis 
pedis pulses could not be felt on either side. All forms of sensation 
were diminished below the right knee. The plantar reflexes were 
flexor. By 15.00 hrs. there was distinct cooling of the right foot 
and pallor of the toes. On the following day the blood pressure in 
the left thigh was 140/100 mm.Hg., but not recordable on the right. 
A third blood culture was taken. 

The temperature remained around 102° F. until the 26th. During 
this time the blood was negative for plasmodia, the urine contained 
albumin, urobilin, scanty leucocytes, red cells and granular casts. 
Examination of a loose stool revealed no blood, mucus or parasites. 
A corynebaeterium had been isolated from the third blood culture. 
On the 26th, examination showed no difference in the temperatures 
in the feet, improved movements on the right side, and numbness 
confined to the distal half of the right foot. The right femoral pulse 
was just palpable. 

During the evening of the 26th the patient collapsed, but improved 
after an injection of Nikethamide. He was noticed by the night sister 
to be aphasic and hemiplegic. Examination on the 27th showed 
complete right hemiplegia and dysarthria. There was lateral deviation 
of the left eye and the general condition was very poor. On the 
28th the patient lapsed into a stuporose condition which persisted 
until his death. On the 1st March the temperature rose terminally 
to 105° F. and he died at 03.40 hrs., six weeks after the onset of 
illness. 
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infarcts. The rest of tho silicon was pinker than normal and the 
imttcrn was indistinct. Tho tracheal lymph nodes were deeply 
pigmented. Tho other nodes, tho thymus, thyroid, pituitary and 
suprarennls appeared normal. 

Gcmto-vrinary system. Both kidneys contained many yollow 
cortical infarcts from 1-5 x 1-0 cm. to 0-5X0-5 cm. Tho ureters, 
bladder, prostate and testicles were normal. 

Central nervous system. No macroscopic changes could bo seen 
in any part of the nervous system, but the tip of the loft temporal 
polo and tho cortex of tho loft insula were softer than thoso on the 
right side. 

Histology 

Lateral wall of the left ventricle. Interstitial myocarditis, with 
foci of neutrophils, eosinophils and lymphocytes botweon muscle 
fibres. Mild subacuto inflammation of pericardial fat. 

Thinned apex of the left ventricle. In some areas myocardial fibres 
have disappeared and havo boon replaced by fmo connective tissue 
with somo lymphocytes and scanty neutrophils. Many dead and 
degonernto myocardial fibres aro present. 

j\litral valve. A pedunculated vegetation consisting of a granular 
stroma containing masses of organisms, erythrocytes and leucocytes, 
Tho organisms were arranged in colony-liko chimps, which in tho 
central zone appeared to bo dead. At tho odgo of tho valve tlioro was 
fibroblastic proliferation and neutrophil infiltration. Numerous coryne- 
bacteria indistinguishable from C. diphtheria: were demonstrated by the 
Claudius method. 

Occluded branch of coronary artery. Destruction of intima and 
media through most of tho circumference, with rupture of tho internal 
elastic lamina. Tho advontitia and the remains of tho media were 
infiltrated with neutrophil's. Tho vessel contained a thrombus with 
numerous organisms. Tho adjacent pericardial fat was inflamed. 
Typical corynobacteria wore demonstrated in thrombus by Claudius’s 
method. 

Femoral artery embolus. Granular stroma with numerous included 
clumps of organisms and some (surface neutrophils. 

Limy. Congestion and oedoma with typical bronchopneumonic 
lesions. 

Liver. Central congestion and atrophy. Bile pigment in central 
colls. Slight fatty degeneration irregularly scattered. 

Spleen. Tho spleen was congested and contained numerous areas 
of necrosis. In some of these areas thore were large masses of bacilli. 
Granulation tissue was present at the edges of some necrotic zones. 
Large numbers of neutrophils were present in tho pulp. Malpighian 
bodies were reduced in size. Thromboses wore present in many 
venous sinuses and organising fibrin was present on the capsular 
surface. 
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Tracheal lymph node. Congestion and oedema with sinus catarrh. 
Moderate amount of carbon pigment present. 

Thyroid. Normal. 

Suprarenal. Areas of degeneration in the zona fasciculata. 

Kidney. The kidney contained a pale, triangular infarct of the 
cortex with a surrounding zone of hypersemia. An artery at the apex 
of the infarct contained organising thrombus with early recanalisation. 
Elsewhere most of the glomeruli appeared normal, but a few showed 
adhesive glomerulitis. The convoluted tubules showed parenchymatous 
degeneration. 

Cerebral cortex. Areas of oedema were present with swelling of 
oligodendrocytes. 

Discussion 

In the present case the diagnosis was at first obscured by the 
pre-admission reports of the finding of Plasmodium falciparum. 
Thereafter the case progressed as one of bacterial endocarditis with 
repeated embolic phenomena. 

It is unfortunate that pharyngeal and nasal cultures were not 
made. At no time, however, did the patient have symptoms referable 
to the nose or throat. In this respect the case resembled that of 
Herzog. Repeated clinical examinations were made in life and 
were always negative. Neither were any lesions found in the nose 
or pharynx at autopsjn There were no cutaneous wounds or sores. 
The portal of entry must therefore remain problematical. 

There was no evidence of previous rheumatism, nor of congenital 
abnormalities of the cardiac valves. 

The administration of serum seemed to have little effect on the 
course of the disease. The only drug that appeared to affect the 
pyrexia was sulphapyridine, and in-vitro tests showed that the 
organism was inhibited by the drug (penicillin was not at the time 
available). 

The identification of a toxigenic Corynebacterium diphtheria} as 
the cause of the endocarditis is regarded as established. The three 
blood cultures all gave pure growths of the organism. Neither were 
any other organisms seen in any of the numerous histological prepara¬ 
tions showing C. diphtheria}. 

It seems clear that corynebacteria isolated from blood cultures 
should not be lightly dismissed as contaminants. 

Summary 

The occurrence and distribution of corynebacteria within the 
body before and after death are discussed. 

A case of bacterial endocarditis due to a toxigenic C. diphtherias 
in a patient showing no evidence of clinical diphtheria is described, 
and an account is given of the bacteriological and post-mortem 
findings. 
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Tracheal lymph node. Congestion and cedema with sinus catarrh. 
Moderate amount of carbon pigment present. 

Thyroid. Normal. 

Suprarenal. Areas of degeneration in the zona fasciculata. 

Kidney. The kidney contained a pale, triangular infarct of the 
cortex with a surrounding zone of hypercemia. An artery at the apex 
of the infarct contained organising thrombus with early recanalisation. 
Elsewhere most of the glomeruli appeared normal, but a few showed 
adhesive glomerulitis. The convoluted tubules showed parenchymatous 
degeneration. 

Cerebral cortex. Areas of oedema were present with swelling of 
oligodendrocytes. 

Discussion 

In the present case the diagnosis was at first obscured by the 
pre-admission reports of the finding of Plasmodium falciparum. 
Thereafter the case progressed as one of bacterial endocarditis with 
repeated embolic phenomena. 

It is unfortunate that pharyngeal and nasal cultures were not 
made. At no time, however, did the patient have symptoms referable 
to the nose or throat. In this respect the case resembled that of 
Herzog. Repeated clinical examinations were made in life and 
were always negative. Neither were any lesions found in the nose 
or pharynx at autopsy. There were no cutaneous wounds or sores. 
The portal of entry must therefore remain problematical. 

There was no evidence of previous rheumatism, nor of congenital 
abnormalities of the cardiac valves. 

The administration of serum seemed to have little effect on the 
course of the disease. The only drug that appeared to affect the 
pyrexia was sulphapyridine, and in-vitro tests showed that the 
organism was inhibited by the drug (penicillin was not at the time 
available). 

The identification of a toxigenic Corynebacterium diphtherice as 
the cause of the endocarditis is regarded as established. The three 
blood cultures all gave pure growths of the organism. Neither were 
any other organisms seen in any of the numerous histological prepara¬ 
tions showing C. diphtherice. 

It seems clear that corynebacteria isolated from blood cultures 
should not be lightly dismissed as contaminants. 

Summary 

The occurrence and distribution of corynebacteria within the 
body before and after death are discussed. 

A case of bacterial endocarditis due to a toxigenic C. diphtheria 
in a patient showing no evidence of clinical diphtheria is described, 
and an account is given of the bacteriological and post-mortem 
findings. 
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A FATAL CASE OF GIANT-CELL OR 
TEMPORAL ARTERITIS 

B S Cardell and T Haxeev 
King's College Hospital Medical School, London 

(PLATES XCV-XCVH) 

The literature of giant cell or temporal arteritis has recently been, 
reviewed by Harrison (1948) and Migono and Mortara (1949) In 
addition to tlio 122 cases collected by tlie latter authors 14 other cases 
havo been reported Hutchinson (1889 90), Vandivier and Ritchey 
(1945), Anderson el al (194S), Moss (1948), Wolinotz el al (1948), 
Zeller (1948), Hauss and Burwmkcl (1949), Keen (1950) and 
McMillan (1950) In view of tho paucity of necropsy observations 
it is considered north wlulo to record a further case diagnosed 
clinically as temporal artontis on which a full post mortem, 
examination was performed 

Nomenclature 

Horton et al (1932) introduced the term “ temporal arteritis ” 
in the belief that tho disease v as localised m these vessels Kdboume 
and Wolff (1940), in men of tho clinical involvement of cerebral and 
retinal vessels, suggested tho term “ cranial arteritis ” The histo¬ 
logical findings havo resulted in the introduction of further names — 
“ giant-ecll arteritis ” by Gilmour (1941), and in relation to the aortic 
lesions, “ chrome diffuse mesaortitis ” by Sproul and Hawthorne 
(1937), and " diffuse granulomatous aortitis ” by McMillan None 
of these names is satisfactory Until more is known of the nature 
of tho disease it seems likely, as suggested by Harrison, that tho 
terms “ giant cell arteritis " and “ temporal arteritis ” wdl both 
bo used, the former term emphasising the dominant histological 
feature and tho latter tho dominant clinical feature of the disease 

TaTAL OASES—REVIEW OF LITERATURE 

Death occurred m 27 of tho recorded cases of giant cell arteritis Tho 
findings in these cases aro summarised m tho accompanying table Post mortem 
examination was performed on 16 cases No post mortem details were published 
m the case reported by Chasnoff and Vorzimer (1944), no histology was performed 
m Robertson’s (1947) case, and in a further cose, Jennings (1948), post mortem 
examination was limited to tho head The twelve cases previously recorded 
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Summary of 27 fatal cases of giant-cell arteritis 


Authors 


Sex 

and age 


1*31. 


Cause of death 


1. Barnard (1935) . 


2. Sproul and Hawthorne 

(1937) Case 1 

3. Sproul and Hawthorne 

(1937) Case 2 

4. Giltnour (1941) Case 1 


5. „ Case 2 

6. „ Case 3 

7. „ Case 4 


8. Sproul (1942) 


9. Post and Sanders * 
(1943) 

10. Chasnoff and Vorzhner 

(1944) 

11. Broch and Ytrehus 

(1946) Case 1 

12. Cooke ct al. (1946) 

Case 1 

13. Cooke et al. (1946) 

Case 3 

14. Cooke el al. (1946) 

Case 6 

15. Curtis (1946) 

16. Kilboume and Wolff 

(1946) 

17. Robertson (1947) Case 4 

18. Cohen and Harrison 

(1947-4S) Case 2 

19. Cole (1948) Case 1 

20. ,, Case 2 

21. „ Case 31 • 

22. Dupont and Heerup 

(1948) 


23. Jennings (1948) Case 3 

24. Bergouignan and La- 

crotte (1949) Case 2 

25. Smith and Greene(1949) 

Case 3 

26. McMillan (1950) . 

27. Cardell and Hanley 

(Case here reported) 


F. 63 

+ 

J Erysipelas 

M. 76 

+ 

i 

Septic kidney 

M. 50 

+ 

Cardiac infarct 

F. 23 


Ruptured 

subclavian 

aneurysm 

F. 59 

+ 

Cerebral infarct 

M. 63 

+ 

Cerebral infarct 

F. 64 

4. 

Post operative 

M. 68 

+ 

Cardiac infarct 

F. 66 

- 

Cerebrovascular 

accident 

F. 63 

+ 

Coma 

M. 69 

- 

Hscmatemesis 

M. 66 

- 

Cerebrovascular 

accident 

F. 69 

+ 

Multiple cerebral 
thromboses 

F. 73 

+ 

Cerebral death 

F. 71 

_ 

Cerebral death 

M. 68 

— 

Cardiac infarct 

M. 67 

+ 

Perforated 
gastric ulcer 

M. 65 


Coronary 

occlusion 

M. 68 


Coronary 

occlusion 

M. 64 

— 

Bronchitis 

F. 72 

— 

Cardiovascular 

accident 

F. 58 

+ 

Myocardial 

degeneration 

F. 73 

+ 

Coma 

F. 64 

- 

Cerebral coma 

F. 81 

- 

Coronary 

occlusion 

M. 58 

+ 

Cerebral infarct 

M. 68 

-L 

Cerebral death 


Arteries affected 
(histologically confirmed) 


Anterior descending and posterior 
coronary ; internal and intra¬ 
cranial carotid 

Aorta ; both common iliacs 

Aorta ; iliac ; carotid 

Aorta; both subclavians and 
internal carotids 

Aorta; both internal carotids 

Aorta ; both internal carotids; 
left external carotid 

Aorta; innominate; subclavian; 
common caTotid; common 
iliac 

Carotid; innominate; subclavian; 
pulmonary; cceliac ; mesen¬ 
teric ; renal; iliac 

Both temporals (biopsy) 

Temporal and internal carotid 
arteries. Ho post - mortem 
details published 


Both temporals (biopsy) 

Both temporals; aorta; both 
femorals; subclavians 
Both temporals ; aorta ; radial; 
superior mesenteric ; femoral; 
both retinals 
Both temporals (biopsy) 

Both temporals (biopsy) 

No post-mortem histology. 

Thrombus in subclavian 
Temporal (biopsy) 


Aorta; innominate; subclavians; 
common, internal and external 
carotids; hypogastrics; cceliac; 
coronary 

Post-mortem limited to head. 
Temporal; middle meningeal 


Both temporals (biopsyj 

Aorta; common iliac 
Both temporals; aorta; fem¬ 
oral ; both internal carotids ; 
both ophthalmics and their 
branches; coronaries 


Reported earlier by MacDonald and Moser (1036-37) 


t Reported also by Jennings (1938, Case £) 
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irv "which full post mortem reports tiro a\ ailablo aro considered below. Thtea 
of these (Cooho ct al , 1940, eases 3 and 6) and Sproul (1942) wore diagnosed 
clinically os temporal arteritis Tho other mno, though clinically atypical, 
showed Instological lesions of giant coll artontis 

Barnard (1935) undor tho titlo of tuberculous arteritis recorded tho case 
of a woman aged 03 who died of facial ory&ipolas after an illness characterised 
by headaches of increasing seventy with loss of sight in ono oyo Routine 
post mortem examination ro\ cnled changes in tho internal carotid and coroiiary 
arteries consisting of medial necrosis and a cellular infiltrate including giant 
noils , no tubcrclo bacilli woro found m tho lesions In tbo light of cases later 
reported, it is probablo that this was an oxaraplo of giant coll arteritis Sproul 
and Hawthorne under tho titlo of chrome diffuso mosaortitis rocordod two cases, 
both men, ono agod 70 dying of a suppurative urmary tract infection, and 
tho other aged 50 dying of cardiac infarction following recurrent attacks of 
precordml pam for ono y ear Histological lesions of giant coll arteritis woro 
found, m ono caso in tho aorta and common iliac arterios, and in tho other w 
the aorta, iliac and carotid artene3 Tho temporal arterios were not involved 
clinically and woro not oxammod at necropsy 

Gihnour undor tho title of giant coll chrome arteritis recorded four necropsy 
cases Tho first wa3 of a woman aged 23 who had boon ill for six months With 
hot sweats and giddiness, after an influenza liko onset She diod of a ruptured 
subclavian aneurysm Although tho caso was clinically atypical, the histological 
lesions described in tho aorta, mternal carotid and both subclavian arton©3 
aro typical of giant coll arteritis Tho ago is unmual, but Moyors and Lord 
(1948) roportod a clinically typical caso m a woman of 22 In addition, Roberts 
and Askoy (1948, caso 2) roported tho caso of a woman of 25, though tho clinical 
picture was ratlior atypical and no biopsy was performed Gilmours second 
•caso was a woman agod 59 who had had headaches and loss of weight for five 
montlis following an influonza like lllnoss She died of a cerebral infarct and 
necropsy’" showed giant coll artontis of both internal carotid artono3 and the 
aorta, though no giant colls wore soon in tho aorta Tho thud case, a mart of 
03, died of a corobral infarct mno months after an influenza liko illness winch 
was followed by lioadacho, mental inertia and failing vision Lesions of giant coll 
artonti3 were found in tbo aorta, tho loft external carotid artery and both 
mternal carotid arteries No giant colls were soon in tho aorta or external 
carotid artery Gilraourb fourth caso, a woman aged 64 who had boon unwell 
for 26 months following ‘ influenza", died after an operation for intestinal 
obstruction At nocrop3y, lesions which were interpreted as a healing stage of 
giant cell artontis were found in tho aorta, innominate, subclavian, common 
carotid and common iliac arteries No giant colls were seen in any of tho^Q 
v e^ols 

Sproul recorded tho necropsy findings in a man aged 68, with clinically 
tvpicnl temporal arteritis without any ocular complications, who died of isclueimo 
heart disease Tho characteristic lesions woro found in tho carotid, innominate, 
pulmonary, caeliac, mesenteric, renal and iliac arteries Tho tomporal and 
cerebral vossols woro not oxammod and there is no mention of tho histological 
appearance of tho coronary arteries Cooko el al recorded two necropsies m 
a serios of seven clinically typical cases of temporal arteritis The first, a woman 
aged 69 with bilateral blindness, died of multiple cerebral thromboses Lesions 
of giant coll arteritis were found in tho aorta both temporal, both femoral and 
both subclavian arteries No giant cel\3 woro present in tbo subclavian arteries 
Tho second caso, a woman aged 73 with bilateral blindness, died from cerebral 
causes Lesions of giant coll arteritis were found in the aorta, and m tbo radial, 
superior mesenteric, femo-al, both tomporal and both retinal arterios Gmnt 
•cells were not present in tho rachal, mesenteric and femoral arteries Dupont 
and Hoerup (1948) recorded the caso of a woman agod 58 who had general 

j win Bier— vol ixin 2p 



590 


B . S. OARDELL AND T. HANLEY 


malaise and fatigue for twelve months, and for three months a febrile illness 
with pain in the back, loins, neck and in front of the left ear. There was no 
temporal artery swelling. Death was due to hypostatic pneumonia and myo¬ 
cardial degeneration. Typical lesions of giant-cell arteritis were found in the 
following arteries innominate, both subclavians, the right common and both 
internal and external carotids, both hypogastrics, cceliac, a branch of a coronary, 
and in the aorta. The temporal arteries were sectioned but no evidence of giant¬ 
cell arteritis was found. McMillan, under the title of diffuse granulomatous 
aortitis, recorded the case of a man aged 58 who died of a cerebral infarct after 
a six months’ history of mild ataxia. Necropsy revealed thrombosis of the 
right middle cerebral and internal carotid arteries, and in the ascending aorta 
an intimal tear with partial rupture and dissection. Typical lesions of giant-cell 
arteritis were found in the aorta and common iliac arteries. 

Case history 

I\fr C. N., a printers’ warehouseman aged 68, first came under observation 
in 1942, having collapsed in the street with a severe attack of substemal pain. 
In 1936 he had had a similar attack diagnosed as myocardial infarction, but 
had recovered well and had been active and free from thoracic pain in the 
intervening years. 

Physical examination at that time (8.4.42) showed a shocked, anxious man, 
with feeble heart sounds, a blood pressure of 96/60 mm., and a slightly irregular 
bradycardia of 44 per minute. A cardiogram (fig. 1) showed low voltage 
splintered QRS deflections, some elevation of the RS-T segment in leads II 
and III, and inversion of T wave in leads I, IV F and IV R, the changes of 
extensive myocardial infarction. The E.S.R. was 12 mm. in the first hour, 
and the leucocyte count 15-6 thousand per c.mm. 

He spent six weeks in bed without recurrence of substemal pain and appeared 
to recover well, being discharged on 27th May 1942 free from pain or dyspnoea. 
He returned to work and for the next seven years remained well except for 
slight stiffness and pain in the hips and lumbar region which began in 1944. 

The final illness began early in July 1949 with vague generalised muscular 
pains, at first most severe in the neck, right shoulder and the calves. He felt 
generally ill at this time and had troublesome constipation and anorexia. On 
the 7th August, roughly six weeks after the onset, pain in the right side of his 
neck spread up into the right temporal and parietal region where it became 
excruciating. Within a few days the left temporal region was similarly affected 
and the generalised muscle aches abated. The temporal pain was a constant 
ache punctuated by bouts of great severity and was severe enough to prevent 
sleep. He found the upright posture much more comfortable than recumbency 
and tried to sleep in that position. Tenderness in the scalp itself had not been 
noticed, and although almost bald, he had not been aware of any unusual 
appearance of the vessels of the scalp.' Trismus, lachrymation and rhinorrhcea 
were not experienced. 

On the 8th September he found himself seeing double, but after four days 
this disappeared suddenly and he then discovered, on covering the eyes 
alternately, that he was totally blind in the left eye. On the next day he had 
six attacks of transient loss of sight in the right eye, but the right vision was 
not materially impaired up to the time he was admitted to King s College 
Hospital on 14th September. 

On e xamina tion (14.9.49) he was a very ill man, with an occasional evening 
rise of temperature to 99-5° F„ but the pulse rate rarely exceeded 85 per minute. 
Both superficial temporal arteries were tortuous, cord-like though not nodular, 
and actively inflamed. Both vessels were uniformly tender to touch throughout 
their length. Pulsation was present at first but disappeared when the phase of 
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nctuc inflammation subsided in a fern days. The other superficial arteries were 
modcratoly fliicboned but nono xms painful or mflnmod 

We are Rrently mdobted to Mr L. H. Sn\ in for tbo following oplitlinlmolomcnl 
report: On lOtb September tbo left fimdus sliowotl tbo picture of comploto 
occlusion of tbo control retinal artery. The right fundus showed a severe arterial 
spasm in tbo inferior temporal branch of tbo central retinal artery, and the 
inns of both retime wero much engorged. 

Physical oxammation did not reveal any other abnormal signs. Thero 
was somo emp!i>soma which mashed tbo apex boat, the heart sounds wero 
normal, and there was no ovidcnco clinically of the myocardial anourvsm 
subsequently found nt post-mortem. Tho blood prossuro was 155/70 mm. He. 
and tho urino normal. 

Tho E.S.R. on tuo occasions was strikuigly high, 119 mm and 120 mm. 
m tlio first hour. Tho leucocyte count was 10 0 thousand per c.mm, -with 
03 per cent, neutrophils and 4 per cent, eosinophils 

A cardiogram on 0.10.49 (fig. 1)showed an isoelectric T wave in I, and in all 
tho unipolar prccordml loads thero was a deop Q wavo but tbo T waves woro 
normal. The appearances suggestod past extensive transmural anterior infarction. 
Tlio transient loss of vi9ion which occurrod on 8th Soptomber was successfully 
treated by massage of tho globo and inhalation of amyl nitnto. This produced 
a return to normal of vision and of fundus appearances in tho right oyo. Two 
further transiont attacks of amblyopia on 18th Soptombor woro similarly relieved, 
but on 20th Soptombor \ lsion in tho right oyo was permanently lost. Tho fundus 
showcxl at this timo cxtrcmo pallor with groatly narrowed calibro of tho arteries 
and arterioles, and tbo voins showed a remarkable streaming of blood towards 
tho disc. Next day stronming had ceased, and tliero woro sections of empty 
%mn between what scorned to bo thrombotic strotchoa A slow M cattlo truck ” 
flow was talung placo in tbo arteries, tho blood column progressing in jerks in 
timo with tbo heart beat. On 29 9.49 a slow flow of blood could bo seen in tho 
inferior nasal branches of tbo central vein. On 1st October arterial spasm was 
again evident and by then blindness was comploto with both fundi presenting 
tho picturo of comploto central arterial occlusion 

Anticoagulant therapy was given using dicoumarol and heparin from 
14th to 29th Soptombor in tho hopo of a\ erting further thromboses Satisfactory 
anticoagnlatiN o effect was obtained as judged by prothrombin times but tho 
course of tho illness was not affected, indeed thrombosis of tho right central 
retinal artery bccomo comploto at tho peak of tho anticoagulant offset. Nicotinic 
acid also appeared mefTecti\ o. 

Although now totally blind his temporal pain had gono and Ins general 
condition was slightly improvod Ho was ambulant by 21st Octobor but four 
da>s later developed right frontal hoadncho and vertigo and shortly afterwards 
8 o\ero dysphagia and dysarthria. Weakness of tho right facial movements, 
nystagmus, and a right palatal palsy woro apparont and ho was considered to 
a c °robral tlirombosis, probabty m tlio brain stom A cardiogram on 
-o 10 49 (fig. 3 ) sbowod biphnsic T waves m all tho procordial loads, but there 
■was no clinical ovidonco of recent myocardial infarction The dysphagia became 
6<nero ' his general condition deteriorated and ho died on 26th October 
9» roughly sixteen weeks from tho first appearance of tho symptoms. 


Post-mortem examination 

A complete examination was made oighteen hours after death. 
io body was that of a thin elderly man The heart (355 g.) showed 
an old infarct of tlio anterior wall of the left ventricle and anterior 
part of the interventricular septum, with a central calcified aneurysmal 
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area measuring 3 • 7 x 2 -2 cm., with thinning and fibrosis of the surround¬ 
ing myocardium, and overlying firm pericardial adhesions. There 
was another old infarct on the posterior wall of the left ventricle, 
measuring 2-0 x 1-1 cm., with marked myocardial thinning, some 
areas of calcification, and overlying fine pericardial adhesions. The 
coronary arteries showed extensive atheroma with severe narrowing 
of the lumen in several areas. The anterior descending and circumflex 
branches of the left coronary artery both divided into two branches 
immediately proximal to the anterior and posterior myocardial infarcts 
respectively. The aorta, its major branches and the basal cerebral 
arteries showed a moderate degree of atheroma. The temporal arteries 
were not enlarged, and no lumen was visible on the cut surface of 
either vessel. The lungs (B. 740 g., L. 480 g.) showed moderate 
congestion and oedema, and there were fine bilateral pleural adhesions. 
The liver (1360 g.) showed extensive diaphragmatic adhesions and 
mild chronic venous congestion. The spleen (135 g.) showed extensive 
perisplenitis. The brain (1300 g.) was macroscopically normal. There 
were no significant findings in the other organs. 

Histology 

The left and right temporal arteries both showed the typical 
picture of giant-cell arteritis (figs. 2, 3 and 4). The lumen was reduced 
to a mere slit by marked intimal thickening. There was no thrombosis. 
The inner zone of the intirna was composed of cellular fibrous tissue 
of loose texture with mucoid material between the cells and a scanty 
cellular infiltration of macrophages and lymphocytes. The outer zone 
of the intirna was composed of vascular connective tissue with a heavy 
cellular infiltration of macrophages and lymphocytes, a lesser number 
of plasma cells and very occasional neutrophil and eosinophil leucocytes. 
The line of demarcation from the media was indistinct, large segments 
of the internal elastic lamina were destroyed and the surviving portions 
showed fragmentation and reduplication. The maximal lesion was 
seen in the media, the whole circumference of which was involved 
but not uniformly. There were areas of coagulative necrosis and a 
heavy cellular infiltration similar to that of the outer intimal zone. 
Multinucleated giant cells of both the foreign body and Langhans’ 
types were present, chiefly in relation to the fragmented internal 
elastic lamina. The adventitia showed a cellular infiltration similar 
to that of the media but of lesser degree, and no giant cells were 
present. The cellular infiltration extended into the periadventitial 
connective tissue, and the vasa vasorum showed minimal cellular 
cuffing. 

An essentially similar appearance was seen in the following arteries : 
right and left ophthalmic, left retinal, right and left internal carotid 
at the site of origin of the ophthalmic artery, the two terminal 
branches of the left anterior descending coronary, the two terminal 
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■brunches of tho circumflex eoronnrj end the right fcmoial In tlio 
Tight ophthalmic aitorv the lumen was much reduced m size h\* intimal 
thickening and an organising thrombus uns present m tlio lumen 
In tho deeper part of tho mtinia thero was a fine granular deposit 
gn mg a politico iron reaction ccith Prussian blue There eras a small 
focus of medial necrosis shore mg a fino granular deposit resembling 
calcium, hut not staining with alizarin red Thero were no chnnges 
m tho wall of tho right letinal artcrj, but an organising thrombus was 
present m the lumen In the left ophthalmic artery the cellular 
infiltration, including mnltimiclcatcd giant cells, extended out into 
the porindrcntitml tissue (fig 5) Tho iroximal portion of tho left 
retmal nrtory showed typical changes of giant-coil arteritis Tho 
lumen was reduced to a slit, but no thrombus was present Sections 
of tlio ejes showed gross degeneration of tho optic norios, tho left 
more ndi anecd than tho right In addition, on the right side sei oral 
of tho posterior ciliarj arteries showed marked nitimal thickening 
and diffuse cellulnr infiltration of all coats of tho \essol wall with 
macrophages, lj mpliocj tes and occasional plasma cells In ono artery 
\ery occasional giant colls were present The light carotid artery 
showed giant cell arteritis in\ oh mg half tho circumference of tho 
icssol and atheromatous chnnges m tlio other half There was httlo 
dccrcnso m tho size of tho lumen The left carotid artery showed 
typical lesions of giant-cell arteritis involving the whole circumference 
of tho vessel and tho lumen was reduced to about half its normal size 
Ono branch of the left anterior descending coronary artcrj' had a largo 
atheromatous plaque involving half tho circumforcnco of tho a ossel 
and tjpical giant cell arteritis in tho other half, tho lumen of the 
vessel being almost completelj' occluded In the other three affected 
coronary artorics tho lesion involved tho greater part of tlio circum 
ferenco with gross diminution in the sizo of tho lumen (fig 5) The 
lumen of tho right femoral artery was modcratelj' diminished Tho 
thickened ultima was composed of looso-textured collular fibrous tissue 
with a scantj' cellular infiltration of macrophages and lymphocj'tes 
Thoro were patehy areas of destruction of tho internal clastic lamina 
in relation to which occasional giant cells were found The media 
showed occasional small foci of degeneration and there was a diffuse 
cellular infiltration of macrophages and lj'mphocytes There was 
some thickening of tho adventitia 

Sections wore taken of the ascending and descending arch, tho 
descending thoracic and abdominal portions of the aorta As the 
findings were somewhat equivocal, tho aorta was divided into five 
portions of approximately equal length, and from each portion a 
longitudinal strip was taken and treated by tho “ Swiss roll ” technique 
(Magnus, 1937), so that the whole length of the aorta was examined 
Throughout the aorta thero were occasional atheromatous deposits 
In addition and independent!}' there were patchy areas of chrome 
medial degeneration The internal elastic lamella was absent and 
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there was slight fibrosis in the inner part of the media with some 
collagen formation and, in some areas, separation of the elastic fibres. 
There was patchy cellular infiltration with lymphocytes, macrophages 
and plasma cells and a few capillaries were present. The intima 
showed patchy sclerosis and a scanty infiltration with lymphocytes, 
macrophages and plasma cells. The adventitia showed little apart 
from occasional cellular cuffing of the vasa vasorum. 

The following vessels showed no evidence of giant-cell arteritis :— 
innominate ; left subclavian ; right and left common carotid; origin 
of right external and internal carotid ; terminal portion of right and 
left internal carotid ; superior and inferior mesenteric ; right renal, 
brachial, radial and dorsalis pedis; right coronary and its three 
major branches ; left coronarjr and proximal portions of its anterior 
descending and circumflex branches ; basilar ; right and left anterior, 
middle and posterior cerebral; and right retinal. The right coronary 
artery and its three major branches showed moderate atheroma with 
areas of calcification and slight to moderate decrease in size of the 
lumen. The left coronary artery showed mild atheroma with only 
slight diminution in size of the lumen ; the proximal portions of the 
anterior descending and circumflex branches showed severe atheroma 
with gross intimal thickening and only a minute lumen and, in 
addition, an old recanalised thrombus was present in the circumflex 
branch. 

There was no abnormality of the small vessels of the kidneys, 
suprarenals or pancreas. Sections of the heart and liver confirmed the 
macroscopic findings. 

Discussion 

Considering the twelve recorded cases in which full post-mortem- 
reports are available together with the present case, the frequency 
with which involvement of individual arteries has been recorded is 
as follows :—aorta—eleven times ; internal carotid—six times ; 
external or common carotid, subclavian and iliac—five times; temporal, 
coronary, innominate and femoral—three times; eceliac, mesenteric 
and ophthalmic or its branches—twice; hypogastric, radial and 
pulmonary—once. These figures do not give a true picture of the 
incidence of giant-cell arteritis in the arterial system, as all the vessels 
fisted above were not examined in each case, but they show that 
giant-cell arteritis is a generalised disease and some interesting points 
emerge from an analysis of the ill-effects of the lesions. 

Of special interest in the present case is the finding of lesions in 
the coronary and ophthalmic arteries. The only coronary arteries 
affected by giant-cell arteritis were those supplying the two infarcted 
areas of myocardium. It is tempting to suggest that giant-cell arteritis 
was responsible for the vascular closure producing myocardial infarc¬ 
tion. However, the two infarcts occurred seven and thirteen years 
respectively before the fatal illness and it appears unlikely from our 
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Fuj. 5.—Loft ophthalmic artery. Typical te«non, together vith perimlventitinl 
giant cells. H. nn<l 12 . x 75. 



Fig 6 —Circumflev branch of left coronary artery. Intimal thickening and 
cellular infiltration of nail, including giant cells H. and E. X 100. 
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present knowledge of this disease that active lesions can persist for 
such a long period. Furthermore, in both instances the more proximal 
portion of the vessel supplying tho infarcted area showed gross 
atheroma with almost complete obliteration of the lumen. It scorns 
moro probable therefore that tho atheromatous lesions wore responsible 
for tho myocardial infarcts. Barnard observed typical lesions in 
both tho anterior descending and posterior coronary arteries of his 
case, but tliero was no ischtomic heart disease. Dupont and Heerup 
noted a lesion in a branch of a coronary artery together with de¬ 
generative changes in tho heart muscle. Cooke ct al. (case 0) noted 
marked lymphocytic and plasma-cell infiltration of the adventitia 
and media af tho coronary arteries, and tho heart showed patchy 
degonerntion of tho musclo fibres and well-marked replacement fibrosis. 
Though these findings are rather indefinite it is suggested that 
giant-cell arteritis may bo a rare cause of coronary artery obstruction 
and it may be noted that ischtomic heart disease was tho eauso of 
death in 7 of tho 27 recorded fatal cases of giant-cell arteritis. 

In the present case, vascular obstruction due to tho lesions of tho 
ophthalmic arteries and their branches was clearly responsible for 
both the optic atrophy and tho retinal changes observed clinically. 
Involvemont of tho ophthalmic artery or its branches is common in 
this diseaso for, in tho 137 recorded cases, 52 havo had symptoms 
referable to the oyes and permanent blindness of one or both eyes 
resulted in 30 cases. Tho only other histological evidence of such 
involvement is recorded by Cooke cl al. (case G) whore both retinal 
arteries showed typical lesions of giant-cell arteritis with obliteration 
of the lumen by an organising thrombus. 

In view of the fact that 12 of the 27 recorded fatal cases of giant-cell 
arteritis died from cerebral vascular disease, occlusive lesions in 
the internal carotid and cerebral arteries would be expected. In the 
present ease tho immediate cause of death appeared, on clinical grounds, 
to have been a cerebral vascular lesion. No structural changes were 
observed in the brain but considerable occlusive changes due to 
giant-cel! arteritis were present in the left internal carotid artery 
which may have been responsible for the right-sided paretic signs 
observed in tho two days preceding the patient’s death. In two of 
Gilmour’s cases (cases 2 and 3), lesions of the internal carotid artery were 
associated with thrombosis and a cerebral infarct, and in McMillan’s 
case internal carotid-artery thrombosis and a cerebral infarct were 
present but the histological lesion in the vessel was equivocal. 

Although lesions in the aorta appear to he common they produced 
ill-effects in only one case. McMillan reported aortic lesions associated 
with partial rupture and limited dissection of the aorta. In two 
further cases aneurysm formation has been reported. Gilmour (case 1) 
recorded a death from rupture of an aneurysm of an affected subclavian 
artery, and Crosby and Wadsworth (1948, ease 2) described a dissecting 
aneurysm in a biopsy specimen of a temporal artery. 
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THE EFFECT UPON THE GROWTH OF ROUS 
SARCOMA OF A DIET DEFICIENT IN 
VITAMIN E 

I). B. Cater 

From the Department of Pathology , University of Cambridge 
(Plates XCVTII-C) 

In the course of an investigation into the effect of Rous sarcoma upon 
the endocrine organs of the tumour-bearing host, marked degenerative 
chnnges wore found in the testes of the cooks and comparatively slight 
changes in the ovaries of the hens. This suggested the possibility 
that the tumour might render the birds deficient in vitamin E. The 
preen glands of the tumour-hearing cocks and lions also showed 
degenerative changes (Cater, 1051). Experiments were therefore 
planned to find if a diet deficient in vitamin E would influence the 
growth of Rous sarcoma, and whether control birds on a vitamin E- 
deficicnt diet would show degeneration of testes and preen gland 
similar to that found in tumour-bearing codes fed on a normal diet. 

A widespread green exudate was often found in the subcutaneous 
tissues of birds with Rous chicken sarcoma No. 1. This suggested a 
similarity with the “ exudative diathesis of chickens ” as described 
by Dam (1944), and led to the choice of Iris basal diet No. 97 for the 
experiments. Although this diet is deficient in vitamin E, it contains 
10 per cent, of cod liver oil and is therefore rich in vitamins A and D 
and the essential unsaturated fatty acids of marino origin. 

In the experiments to bo described chicks fed on the basal diet 
No. 97 developed tho exudative diathesis and changes in testes and 
preen gland. Thoy also developed muscular dystrophy with changes 
similar to those described by Pappenheimer and Goottsch (1934) in 
tho muscles of ducklings fed on a vitamin E-deficient diet. 

Methods 

The basal diet No. 07 of Dam used in tho experiments contains per 100 g.;— 
cod liver oil 10 g.; dried yeast (ether extracted) 10 g.; casein 16 g.; sucrose 
44-9 g.; gelatine 8 g.; gum arabic 6 g.; McCollum’s salt mixture No. 185 
6 g.; and choline 0*1 g., together with supplements of vitamin K. substitute 
and copper, manganese and iodine salts (Dam, Kruse, Prange and Sondergaard, 
1948). 

Attempts to render cocks of 3-4 months of ago vitamin E deficient on this 
diet failed to produce any of the signs of the exudativo diathesis within the 
experimental period. It was therefore necessary to use day-old chicks, in 
which this diet produces the exudative diathesis in about 12 days. 
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Twenty-five day-old coelcs -were divided into 6 groups of equal weight 
distribution and treated as detailed in table I. Birds fed on a normal laboratory 
diet and with or without Rous sarcoma were also available for comparison. 

Table I 


Details of diet and treatment in an experiment to show the effect of vitamin E 
upon the growth of Rons sarcoma and upon the histology of the testes and 
preen gland 


Group 

Xo. of birds 

Diet, 

Supplement 
of tocopherol acetate 
per 100 g. of diet 

Injection of 

Itous sarcoma cells 
on 17th day 

1. N-E 

5 

(one died) 

Basal diet 

No. 97 of Dam 

None 

None 

2. T—E 

5 


None 

Tumour injected 

3. N+E 

5 

J> 

10 mg. 

None 

4. T+E 

0 

ft 

10 mg. 

Tumour injected 

5. N++E 

i 

ft 


None 

C. T++E 

4 

ft 

30 mg. 

Tumour injected 


Individual weight curves of the birds in all groups were kept and the birds 
were regularly examined for signs of the exudative diathesis. The vitamin E- 
deficient groups N—E and T—E showed exudates beneath the skin of the 
breast, loss of activity and appetite and some slowing of the rate of growth 
before the I7th day. Group T —E therefore showed signs of vitamin E deficiency 
before being injected with Rous sarcoma cells. 

When 17 days old (15th day of feeding) the birds in groups T—E, T-fE 
and T-f -f E were injected with 0-05 ml. fresh Rous sarcoma hash into the right 
breast muscles. Palpable tumours were present 4 days later and continued to 
grow until the birds were killed. Because of the time involved in the post¬ 
mortems only half the birds could be killed on the 28th day ; the rest had to 
be left until the 29th or 30th day. For the sake of -uniformity it is desirable 
to refer findings such as tumour-weight to the same day and it was assumed 
as a first approximation that tumour growth was proportional to its age in 
order to estimate the weight of tumour on the 28th day in the birds killed one 
or two days later. 

The birds were killed by cervical dislocation, the tumour was weighed and 
material was taken from tumour, testes, preen gland, muscle and adrenals. 
Tissues from controls and tumour-hearing birds were compared by the following 
histo chemical techniques :— 

Esterase activity by the method of Nachlas and Seligman (1948-49); 

Alkaline phosphatase, by the Gomori technique, keeping within the time 
limits, etc., suggested by Danielli (1946); 

Acid phosphatase by the Gomori (1941) technique ; 

Polysaccharides by the periodic acid-Schiff’s reagent method (P.A.S.), 
(McManus, 1948); 

Lipids by the prolonged osmic-acid staining technique used by Dalton an 
Peters (1944-45) for adrenal cortex. 

Results 

Growth and clinical appearance of the birds 

From 15 days old onwards, the vitamin E-deficient birds were 
listless, ate poorly, tended to squat or had unsteady gait an neev 
retraction ; their combs were pale, and oedema, sometimes wi i 














ROUS SARCOMA IN VITAMIN E DEFICIENCY 


GO! 


green discolouration, could bo seen beneath the shin of the breast. 
Tliis ccdema was intermittent. Somo birds developed a swelling at 
tho angle of the jaw, and somo a swelling of tho joints of tho legs. 

Up to 14 days the weight curves of the different groups showed 
no significant variation. From tin's point they diverged ; tho vitamin 
E-doficient groups (N—E and T—E) increased but little in woight, 
whereas tho groups supplemented with alpha tocopherol, 30 mg./lOO g. 
of diot, both with and without tumours (N++E nnd T+-fE), grow 



very rapidly and showed excellent devolopmont of feathers. The groups 
with tocopliorol 10 mg./lOO g. of diet (N+E and T-f E) grew some¬ 
what less vigorously. Tho vitamin E-deficiont birds with tumours 
(T—E) appeared a little healthier than those without (N—E) until 
tho tumours began to get large. One bird of group N—E died when 
18 days old ; the others survived but in very poor condition. 

The growth of the ttimmir in relation to the growth 
of the bird 

The rates of growth of tho birds in the different groups are shown 
in figs. 1, 2 and 3. 



BODY WEIGHT IN GRAMS BODY WEIGHT IN GRAMS 



Fie. 2. 
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Tho absolute size of tho tumours -was greatest in group T+E 
and least in T++B, but tho difference was not statistically significant. 
Tho sizo of tho tumour rolativo to tho body weight was greatest in 
group T—E and least in group T++E, with group T-fE occupying 
an intermediate position (tablo II). 

Tabus II 


Average weight of rumour in relation to average weight of host 


Group 

Urrap* tumour weight 

Axcrajw weight of birds 
on 2bth tiiy 

Tumour weight »s 
pcrecMaae of l>otIj weight 

T~E 

13.7 g . 

H8 g. 

■ 

n-o 

T+E 

in 0 g . 

103 g. 

9-7 

T++E 

U " g. 

l»2g. 

•m m 


The vitamin E-dcficicnt birds put on very little weight after 
injection with tho tumour colls on tho I7th day. Tho weight of 
tho tumour accounted for 51 -5 per cont. of tho total increase of weight 
from the 17th to tho 28th day in group T—E, for 25-0 per cent, in 
group T+E and for 15-5 por cent, in group T++E. The marked 
retardation of growth on tho vitamin E-doficient diet thus failed 
to retard tho growth of tho Rous sarcoma; in fact tho post-mortem 
appearances suggested that the tumour was growing relatively bettor in 
the vitamin E-doficiont birds. 

Macroscopic appearances of Rents sarcoma 

The naked-oyo appearanco of tho Rous sarcoma in tho groups 
fed tho diet supplemented with tocopherol was of the usual type. 
The tumours were confined to tho muscle or wore just beginning to 
fungato along the track of the needle. Tho skin was not adherent 
or infiltrated. In sharp contrast, all tho tumours in the vitamin E- 
defieient group showed unusual features. They were white, fleshy, 
and without necrosis or hemorrhage. There were numerous, fine, 
local, secondary deposits in tho oedema fluid over both pectoral muscles 
and down the right kg. The skin over the tumour was adherent, 
thickened and infiltrated. Theso appearances suggested that there 
were factors favouring tho local spread of Rous sarcoma in the birds 
with the exudative diathesis. 

Post-mortem signs of vitamin E deficiency 
Group N—E showed pale, watory-looking breast muscle in contrast 
with the red muscle of group B++E. Two out of five of the birds 
in group N+E showed faint, pale streaks in the muscle, suggesting 
that the breast muscle might bo affected in the vitamin E-deficient. 
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birds and prompting histoehemical examination of muscle. One bird 
in group N—E bad a zone of red, translucent muscle in the leg. The 
scanty fat was yellow-brown in colour and subcutaneous cedeina had 
been present in each of the vitamin E-deficient birds at one time or 
other between the 15th and 28th days. Two out of four of group H~E 
still showed oedema at post-mortem examination. Where the cedeina 
had subsided the skin was adherent to the muscle. 

It is interesting to note that the presence of the Rous sarcoma in 
the groups supplemented with alpha tocopherol caused oedema in 
relation to the tumour. Four out of five birds in group T~f E showed 
more or less green oedema and three out of four in group T-f-fE 
showed some cedema surrounding the tumour. 

All preen glands were white instead of the usual huff colour, possibly 
owing to the absence of carotenoids from the synthetic diet. The 
preen glands of groups T+E and N—E were smaller than those of 
group N-f E, and those of group T—E were yet smaller. 

The testes of groups N—E and T—E were small, misshapen and 
sometimes yellowish in colour. 


Histoehemical reszilts 

Preen gland. Histoehemical examination of the preen glands by 
the techniques for esterase, acid phosphatase, glycogen and lipids 
showed that increasing degrees of activity were caused by Rous 
sarcoma, vitamin E deficiency and vitamin E deficiency-plus-Rous 
sarcoma, leading in the last group to a marked degree of work atrophy. 
'This is illustrated in figs. 4, 5, 6 and 7, v r hich show the preen glands 
of the four key groups stained for esterase activity. Cater and Lawrie 
(1950) described two parts of the preen gland, an outer sebaceous 
and an inner glycogen zone. In fig. 4 the lower half of the section 
shows the glycogen zone with its cells staining for esterase. The 
upper half of the section shows the sebaceous zone with little activity 
in the cells and scanty secretion in the tubules. The preen gland 
from group T-frE (fig. 5) shows considerable esterase activity in the 
cells and more secretion in the tubules of the sebaceous zone; the 
secretion stains strongly for esterase. These changes are even more 
pronounced in group N—E (fig. 6). In group T—E the process of 
work exhaustion is almost complete and the cells of the tubules in the 
sebaceous zone have broken down to form large masses of secretion. 
There is great reduction in the thickness of the walls of the tubules 
and the tubules are much shorter in length so that the whole organ 
is thinned. The tubules in the glycogen zone also appear to be under¬ 
going atrophy (fig. 7). 

The other histoehemical techniques give results which are consistent 
with the above interpretation. Group T-J-+E shows changes similar 
■to group T+E although less marked. 

Testes. The testes in group N-f-E show tubules lined by an orderly 
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Fig. 4.—Preen gland of a normal cook fed on diet 97 of Dam 4- 10 mg. tocophorol/100 g. 
diet (group N-f E), stained for esterase activity and lightly counterstained with 
liscmatoxylin. Tho cells of the glycogen zone stain well but there is little activity 
or secretion in the sebaceous zone shown in the upper half of photograph, x GO. 

Fig. 5.—Preen gland of a group T+B bird fed on diet 97 of Dtim + 10 mg. 
tocopherol/100 g. of diet and injected with Rous sarcoma cells on tho 17th day. 
At post-mortem the tumour constituted 10 por cent, of the body weight. 
Esterase activity is considerable in the cells and secretion of the sebaceous zone. 
Esterase stain, x 60. 

Fig. G.—Preen gland of a group N—E bird fed on vitamin E-dofieient diet 97 of Dam. 
Most of the cells in the tubules of the sebaceous zone have turned into secretion. 
Esterase stain, x 60. 

Fig. 7.—Preen gland of a group T—E bird fed on vitamin E-deficient diet 97 of Dam 
and injected with Rous sarcoma cells on the 17th day. At post-mortem the tumour 
was 18 per cent, of the body weight. The gland wall is thinned and the degenerate 
tubules of the sebaceous zone are filled with secretion which stains for eBteraso. 
Esterase stain. X 60. 
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Fig. 8.—Testis of u group N4-IS bird. TIjo testis cords are tubular and are lined with 
a single layer of cells. The interstitial cells are moderate in number. Alkaline 
phosphatase, 2 hrs.’ incubation—neutral red. X 255, 

Fig. 9. —Testis of a group T-f-E bird. Rous sarcoma constituted 16 per cent, of the 
body weight. Tho cells of the testis cords are multiplying and forming a double 
layer. The interstitial cells are increased in number. Alkaline phosphatase, 
2 hrs.—neutral red. x 265. 

Fig. 10.—Testis of a group N —E bird. The testis cords are more than one cell thick 
and aro desquamating into the lumen. The interstitial cells are increased in 
number. Alkaline phosphatase, 2 hrs.—neutral red. X 265, 

Fig. 11. —Testis of a group T— E bird. Rous sarcoma constituted 19 per cent, of the 
body weight. The testis cords are 2 or 3 layers thick. Strands of interstitial 
cells are present but are disintegrating. Alkaline phosphatase, 2 hrs.—neutral 
red. X 265. 
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layer of cells, one coll thick, surrounding n moderate lumen. The 
tuhulcs are enclosed by a basement membrane which stains well 
for nlkalino phosphataso, as do tho surrounding oral-shaped colls of 
the stroma. A moderate number of bands of interstitial cells stand 
out because of their unstained cytoplasm (fig. 8, nlkalino phosphatase, 
2 hrs.’ incubation). 

In the testes of group T+E the tubules aro more disorderly and 
the layer of colls lining tho tubulo is often two cells thick. The numbers 
of interstitial cells aro increased (fig. 9). 

The vitamin E-deficient group N—E shows tho samo typo of change. 
Ono tubulo in fig. 10 shows a mass of desquamating colls in the lumen. 
Tho increase of interstitial cells is noteworthy. 

In group T—E the process is moro advanced, the tubules Bhow two 
or moro layers of colls and tho interstitial colls in certain places aro 
undergoing disintegration. 

Tho tendency for tho Rous sarcoma and the vitamin E-doficient 
diet to causo precocious development of tho testes in these month-old 
birds is interesting in view of tho retardation of body growth in groups 
N—E and T—E. It suggests that the desquamation of spermatids 
and spermatocytes into tho lumen of the testis tubulo in the 3- to 
5-month-old birds with Rous sarcoma (Cater) might be duo to a 
premature attempt to produce germ cells, an uncontrolled ovoractivity 
loading to degenerative changes. 

The sections stained with osmio acid confirm the inerease in tho 
iuterstitial cells in. the vitemw E-deficient group end the tumour¬ 
bearing birds. In these groups tho individual interstitial cells show 
much larger droplets of lipid than in the controls. 

Histochemistry of the dystrophic muscle of the vitamin E-deficienl 
chicks. The vitamin E-deficient chicks of group N—E Bhow marked 
degenerative changes in the muscle of the breast and legs. Degenerat¬ 
ing muscle fibres are present, some of which show wido separation of 
their transverse striations as if the weakened muscle had been over¬ 
stretched (fig. 13). The degenerating muscle fibres are separated by 
wide zones of inflammatory cells, which stain heavily for alkaline 
phosphatase (fig. 12). Tliis distinguishes them from Rous sarcoma 
cells, which stain poorly. 

Some of the acetono-fixed sections show granular material in 
degenerating muscle fibres. Tliis stains black by the acid phosphatase 
method both with and without substrate. As it gives no Prussian-blue 
reaction for iron, it may be tho brown pigment which Moore and 
Wang (1943) described in dystrophic muscle. 

Some of the degenerating muscle fibres show fine P.A.S. positive 
granules which outline tho transverse striations (fig. 14). These no 
longer stain after incubation for half an hour with salivary amylase 
and are therefore glycogen. 

It is interesting to note that in or near the invading edge of the 
Rous sarcoma there are patches of degenerating muscle fibres which 
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stain positive with P.A.S. These changes occur not only in groups 
T+E and T++E but also in birds fed on a normal diet (see fig. 15). 
These degenerating muscles no longer stain after treatment with 
salivary amylase, so they contain free glycogen. The droplets of 
polysaccharide seen in the Rous sarcoma cells are not affected by 
salivary amylase. 

Vitamin E and hcemolysis 

Gyorgy and Rose (1949) have shown that the washed red cells 
from vitamin E-deficient rats are rapidly lisemolysed by dialuric acid. 
The haemolysis can be prevented by tocopherol, especially if the red 
cells are incubated with this substance. 

Because of the time involved in the post-mortem examinations, 
it was possible to test the blood of only one or two samples from each 
group of chicks for haemolysis by dialuric acid. Haemolysis occurred 
in the chicks on the basal diet No. 97 but only after the mixture of 
washed red cells and dialuric acid had stood at room temperature for 
some hours. It was thought that the nuclei of the red cells in birds 
might make them more robust. The results were consistent with the 
rest of the findings of the experiment. 

Histochemistry of Rous sarcoma 

The findings were similar in all respects to those recorded in a 
previous communication (Cater), with the additional observation that 
the tumour does not stain by the esterase technique. 

Discussion 

It is widely held that tumours grow best in rapidly growing animals. 
Little, Oleson and SubbaRow (1948) found that the reduction of the 
caloric intake to two-thirds depressed the growth of Rous sarcoma. 
In my experiments, the vitamin E-deficient birds ate badly and grew 
slowly in comparison with the birds whose diet was supplemented 
with tocopherol; yet they grew tumours, the absolute weights of 
which were about the same as in the control group and the tumour 
weight relative to the weight of the bird was greater than in the 
control group. Either the growth of Rous sarcoma was independent 
of the presence or absence of vitamin E in the diet, or taking into 
account the small size and poor rate of growth of the vitamin E- 
deficient birds the tumour grew relatively better in the deficient birds. 
The local spread of the tumour in these chicks supports the latter view. 

Testicular degeneration can result from vitamin E deficiency 
(Evans and Burr, 1927 ; Adamstone and Card, 1934) or from vitamin. 
deficiency (Mason, 1933) or vitamin A excess (Cormier, 1948) and from 
lack of the essential fatty acids (Evans, Lepkovsky and Murphy, 1 J- 
Diet No. 97 of Dam is rich in vitamins A and D and unsaturated tat y 
acids and deficient in vitamin E, and is therefore likely to in uce a 
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Fig. 12.—Disintegrating muscle fibres, separated by wide zones of inflammatory celts 
from a vitamin E-deficient chick. Alkaline phosphatase, 24 hrs’. incubation— 
neutral red. x 265. 

Fig. 13.—Disintegrating muscle fibres from a vitamin E-doficiont chick showing the 
transverse striations widely separated. Prolonged osmio acid staining. X 2G5. 

Fig. 14.—The same chick as shown in figs. 12 and 13. One disintegrating musclo 
fibre stains strongly by the P.A.S. technique and other fibres are surrounded by 
cells with positively stained granules. P.A.S.—light green. X 265. 

Fig. 15.—Kous sarcoma from a chick fed on a normal laboratory diet, showing P.A.S.- 
positive material present in disintegrating muscle at the edge of the tumour. Somo 
of the tumour colls also stain. P.A.S.—light green, x 255. 
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maximum vitamin A and E imbalance. Thus in the exudative diathesis 
iho changes in tlio testes and preen gland might bo duo to lack of 
vitamin E, to excess of vitamin A, to the marino fatty acids, or to a 
combination of all these factors. 

The degeneration of the testes and preen gland in cooks with 
Rous sarcoma appears similar to that in birds with the exudative 
diathesis. If the Rous sarcoma caused signs of vitamin 15 deficiency 
because it used up tho available supplies of vitamin E in its own 
metabolism, it would bo unlikely to grow freely in animals already 
showing clinical signs of lack of tho vitamin. Tho vitamin E require¬ 
ments of tho Rous sarcoma thus appear to differ from thoso of tho 
Jensen rat sarcoran recorded by Coke and Reyes (1919). Thoro are 
at least two possible explanations: firstly, vitamin E may act as a 
controller of mesenchymal proliferation, ns suggested by tho prosonco 
of abnormal proliferation of tho raesenchymo in tho vitamin E-dofioiont 
cluck embryo (Adamstono, 1931) and tho Rous sarcoma may inhibit 
this controlling mechanism; secondly, Rous sarcomn may elaborate 
a growth-promoting snbstnnco with an action Bimilnr to that of 
vitamin A. The two possibilities arc certainly not mutually oxclusivo. 

Tho work of Claude (1935), Jobling, Sproul and Stevens (1937) 
and I’ollard (1939) suggests that tho phospholipid fraction is an 
essential component of the Rous sarcoma virus. Tho preen gland 
produces lipids, and Cater and Lawrio (1951) suggested tlmt tho 
sobaccous zone might produce tho part of tho preen-glnnd secretion 
responsible for feather lubrication. Unpublished investigations 
suggest tlmt phospholipids arc present in tho secretion of tho sebaceous 
zone of tho preen gland. It would bo instructive, therefore, to 
investigate tho effect of tho lipid fraction of the Rous sarcoma upon 
this OTgan. 

Summary 


1. Tho effect of feeding tho basal diet No. 97 of Dam (deficient in 
vitamin E and ricli in cod livor oil), with or without a supplement of 
alpha tocopherol acetate, upon tho growth of Rous sarcoma in chicks 
was investigated. The effects of vitamin E deficiency, Rous sarcoma 
and vitamin E deficiency together with Rous sarcoma, upon tho testes 
and preen gland wero studied liistochcmically. 

2. When Rous sarcoma was inoculated into chicks fed on tho 
basal diet and already suffering from tho oxudativo diathesis, tumour 
growth was not retarded although tho rato of growth of tho chicks was 
conspicuously lowered. Tho preseneo of numerous secondary doposits 
m the vicinity of the primary tumour suggested that tho exudative 
diathesis favoured the local spread of Rous sarcoma. 

3. The interstitial cells of tho testes were increased by vitamin E 
deficiency or by Rous sarcoma, and they contained larger drops of 
%d than m the controls. In birds with Rous sarcoma or vitamin E 
deficiency the testicular tubules wore linod by two layers of cells 
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instead of the single layer seen in the normal controls. These changes 
were more marked in the deficiency-plus-tumour group. 

4. Degenerative changes in the preen gland were present in the 
vitamin E deficiency group and in the tumour group, and were most 
pronounced in the vitamin E deficiency-plus-tumour group. 

5 . The results are consistent with the view that vitamin E 
deficiency causes the same type of change in the testes and preen 
gland as does Rous sarcoma in birds fed a normal diet. The effects 
of the deficient diet and the tumour appear to he additive. 

6. The histological features of muscular dystrophy were present 
in the vitamin E-deficient chicks. 


I should like to express my thanks to Professor H. R. Dean, Dr T. Moore, 
Miss E. M. Cruikshank, Dr Kendal C. Dixon and Dr 2ST. R. Lawrie, who have 
read the manuscript and made many valuable suggestions ; to Miss Jean Cook 
and Miss B. D. Disbrey for technical assistance, and to Mr S. Patman for the 
photography. 
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THE EXPERIMENTAL PRODUCTION OF PULMON¬ 
ARY (EDEMA WITH AMMONIUM SALTS, 
TOGETHER WITH A CLASSIFICATION OF LUNG 
(EDEMAS 

G. R Cameron’ and A Hamid Sheikh 

Department of Morbid Anatomy, Vnnersxty College Hospital 
Medical School, London 

(Plate Cl) 

DukuhO 1942 one of us noticed that the mtrapentoneal injection of 
largo doses of ammonium chloride gave acute pulmonary oedema in 
rats It was not possible at that, time to continue the investigation 
and the matter was forgotten until recent American publications 
re-awahened our interest and raised our hopes that this particular 
example might fit into the general plan of study we are developing for 
pulmonary oedema A short preliminary account of some of our 
current -work has been gi\ cn m a lecture by Cameron (1951) 

Methods 

We hav o worked almost whollj with mnlo albino Wistar rata which a\ craged 
150 g bod} weight A few experiments wero performed with guinea pigs and 
mice but smee they gave negative results they will not be described Several 
male rabbits, 2 kg body weight, were used for blood pressure observations 
Various ammonium salts wero injected mtrapentoneally or by stomach tube 
ns 6 per cent solutions in distilled water With few exceptions the experiments 
were over with in 30 minutes, the animals djrng from pulmonarj cedema 
Animals that recovered were killed with ether or Nembutal either at the end 
■of the experiment or 24 hours afterwords Protective tests were carried out by 
mtrapentoneal administration of various drugs Double vagotomy was per 
formed m two stages os described by Cameron and De (1949) The lungs wero 
fixed after death by suspending them by the ligatured trachea m X0 per cent 
formol saline for 24 48 hours After slicing tho fixed tissue into small segments 
it was embedded m paraffin in the usual way and etamed with Ehrlich’s acid 
hiematoxv lin and eosin and Weigert’s iron hsematoxylin and van Gieson 


Results 

The •pulmonary cedema is due io the ammonium ion 

We have produced pulmonary cedema m rats by the mtrapentoneal 
injection of the chloride, carbonate, sulphate, phosphate [(KH 4 ) 2 HP0 4 ], 
nitrate, acetate, citrate and bromide of ammonium. In all cases we 
3 mu xtAcr —vol. ixin 600 2 q 2 
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used a 6 per cent, solution; we hare made no efforts to find out 
wliether any of these salts are more effective than others. It is obvious 
from the success we obtained with such a variety of salts that the 
ammonium ion must be the factor responsible for the oedema. Neither 
acidosis nor alkalosis can be blamed, for the same reason, but to 
make sure that this was a fair deduction we put the question to the 
test by giving large amounts of acid and alkali to rats. No pulmonary 
oedema appeared under such extreme conditions. 


The course of the oedema 

The symptoms which develop shortly after the administration of 
large doses of ammonium chloride, with which most of our work was 
done, fall into two classes, nervous and respiratory. The former 
include muscular weakness, hyperexcitability to sound, pain and 
touch, widespread muscular fasciculations, convulsions and coma in 
that order. They overlap the respiratory phenomena although the 
two classes of disturbance may be dissociated and sometimes one 
class develops without the other. Respiratory symptoms include 
dyspnoea, stridor and respiratory failure terminating in the final 
outpouring of frothy fluid or blood from the nostrils. 

Pulmonary oedema comes on within 5-15 minutes after injection 
of ammonium salts. It is preceded by patchy congestion and acute 
emphysema which rapidly involves both organs. The lungs then 
have a bright red colour and are fully expanded. Sometimes blood 
is poured into the air spaces in which case the lungs may feel solid. 
Tree pleural fluid is not found. Microscopical examination shows 
that the perivascular and peribronchial lymphatics are prominent and 
then dilated at a very early stage. These changes quickly give place 
to alveolar oedema, at first localised and regional but soon generalised 
(figs. 1 and 2). Small areas of haemorrhage are always present in these 
patches of oedema and not uncommonly they rapidly become extensive. 
No simple explanation, such as rupture of capillaries, has been dis¬ 
covered for the haemorrhage and we are forced to regard it as an 
extreme instance of permeability change within the capillaries, favoured, 
perhaps, by the violent respiratory movements which set in at this 
stage. The resemblance to other forms of acute pulmonary oedema is 
close and no stage or feature is omitted. The oedema fluid is rich in 
protein from the beginning. The outcome of ammonium intoxication 
is thus a strictly localised pulmonary oedema. Apart from dilatation 
of the right heart we have found no other structural disturbance, 
though we have paid little attention to the histology of the central 
nervous system. 

In all, we have studied the development of ammonium oedema m 
60 rats, 40 of which were males, 20 females. Eight animals died with 
severe nervous symptoms before there was time for oedema, the 
incidence of oedema was 87 per cent, both in males and females. 



EXPERIMENTAL PULMONARY (EDEMA 


611 


The latter were somewhat moro sensitive to ammonium chloride than 
males, a doso of 7-S c.e. por leg. body weight of a 6 per cent, solution 
boing offectivo in tho former ease as against 9-10 e.e. per leg. of the 
same solution for males. 

Absence of haemodynamic disturbances in the rabbit after 
intravenous injection of ammonium chloride 

In four rabbits the carotid and right auricular pressures were 
recorded by the methods used by Cameron and Do, with tho animals 
undor Nembutal anesthesia. Varying amounts of 6 per cont. solution 
■of ammonium chlorido were injected intravenously, the maximum 
doso given being 7 c.e. por leg. body weight, oitlicr singly or repeated 
several times. Gross pulmonary oedema did not develop, but convul¬ 
sions wero induced with regularity. Microscopical examination of the 
lungs from these animals showed distended hilar lymphatics and 
small to medium-si 2 cd patches of oedema throughout tho organs. No 
significant chango in arterial and venous pressures occurred during 
the pro-convulsive phase. With convulsions the right auricular 
pressure roso rapidly as tho carotid pressure fell. Wo conclude that 
lesser degrees of pulmonary ccdoma develop in tho rabbit after the 
intravenous injection of ammonium chlorido without hemodynamic 
■disturbance. 

The pulmonary adema is not prevented by double vagotomy nor 
by cervical sympathectomy 

Dive adult male rats, 150-200 g. body weight, were submitted to 
doublo vagotomy undor light ether and Nembutal antesthesia, due 
regard being paid to tho precautions mentioned by Camoron and Do. 
Each rat was given 10 c.c. of 0 per cent, ammonium chloride solution 
intraperitoueally immediately after division of the second vagus 
nervo. In fivo control rats a mock operation was performed in which 
all procedures were gono through except section of the vagi. These, 
too, received a dose of ammonium chloride intraperitoneally similar 
to tho first group. Eatal pulmonary cedema developed in all ten 
animals in 5 to 15 minutes. 

Division of both cervical sympathetic chains in the lower third 
of the neck was performed in four male rats, along with mock 
sympathectomies in four control animals. Pulmonary cedoma killed 
the eight animals within 15 minutes when ammonium chlorido was 
administered in the usual fashion. 

The (Edema can be prevented, or modified by various drugs 

We have tried to prevent or modify the pulmonary ccdema by giving 
various drugs to the animals before injecting ammonium chloride 
intraperitoneally (fig. 3). The resuits are summarised in tho table. 
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1. Depression of the central nervous system. Morphine sulphate, 
20 mg. per kg. body weight subcutaneously, prevented pulmonary 
oedema in nine out of a group of ten rats. Chloralose, 60 mg. per kg. 
intraperitoneally, prevented oedema in all members of a group of 
10 rats. Ten rats were kept under deep ether anesthesia for periods 
up to two hours after injection of ammonium chloride. Four which 


Brain 



died within an hour showed moderate to severe oedema. Of ten rats 
given 40 mg. per kg. Nembutal half an hour before administration of 
ammonium chloride, seven died of severe pulmonary oedema in 
25-95 minutes. Each experiment was carefully controlled. 

2. Blocking of autonomic ganglia. Nicotine, which blocks ganglion 
cells, was injected subcutaneously in 0-5 c.e. doses of 1 : 100 aqueous 
solution of pure alkaloid into ten rats. This dose gives pronounced 
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effects for at least half an hour. Ammonium chloride was injected 
intraporitoncally 15-20 minutes after nicotine. Only two rats showed 
modcrato pulmonary oodoma. All fivo control rats died from severe 
cedcma. 


Table 

The prevention of ammonium chloride pulmonary ccdcma by' means of 
various drugs 


Drug 

Interval between 
administration of 
dniK and ammonium 

chloride (rnlnutei) 

Jfo. of rats 
treated 

Is'o. with 
pulmonary 
cedema 

Per cent, 
pulmonary 
cedema 

None. . . 

0 

00 

52 

87 

Cortisone .... 

20 hours 

5 

6 

100 

Atropino sulphate 

00 find 15 

20 

16 

80 

Phcnergnn .... 

50 

10 

8 

80 

Antliisnn .... 

30 

10 

7 

70 

Nembutal .... 

30 

10 

7 

70 

Ether nmesthesia 

At onco 

10 

4 

40 

Ergotoxino .... 

2 daily doses, 
3*5 hours after 
2nd doso 

10 

4 

40 

Cocnino hydrochloride . 

15 

10 

2 

20 

Nicotine .... 

20 

10 

2 

20 

Morphino sulphate 

40 

10 

1 

10 

Chlornloso .... 

40 

10 

0 


Dibcnamino 

15 

10 

0 

IKH 

Priscol .... 

15 

10 

0 

mm 


3. Blocking of cholinergic effector cells. Two intraperitonoal 
injections of atropino sulphate, each of 0-26 mg. por 200 g. body weight, 
wero given at GO minutes and 15 minutes before administration of 
ammonium chlorido. Sixteen of twenty rats died within 20-30 minutes 
of severe pulmonary oedema. 

4. Blocking of adrenergic nerves. Ergotoxino ethane sulphonate 
(physiologically tested) was injected subcutaneously on two successive 
days into ten malo rats. Ammonium chloride was administered 
3-5 hours after the second dose. Four rats died with severe pulmonary 
oedema 40-110 minutes after ammonium chloride injection. 

Priscol (2 benzyl-4: 5-imidazoline hydrochloride) was given in 
doses of 1 c.e. per kg. body weight subcutaneously 5-15 minutes before 
ammonium chlorido to fifteen male rats. None developed pulmonary 
cedcma (fig. 4). 

Dibenomino (N,N-dibenzyl-/3 ohlorethylamine lij'drochloride) was 
injected intraperitonoally into ten male rats in doses of 24 mg. per kg. 
body weight 15 minutes before ammonium chloride was given. All 
of tho rats died in about 10 minutes with severe nervous symptoms 
but nono showed pulmonary cedema. Thus striking results were 
obtained in the prevention of cedema by the use of adrenolytic drugs 
although none of these suppressed the central nervous disturbances 
caused by ammonium chloride. 
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5. Anii-lristamine drugs. No success can be claimed for Plienergan 
(25 mg. per kg. body weight subcutaneously) or Anthisan (25 mg. 
per kg. body weight subcutaneously) given 30 min utes before 
ammonium chloride. 

6. Other agents. Intraperitoneal injection of cocaine hydrochloride, 
50 mg. per kg. body weight, 15 minutes before ammonium chloride 
reduced the incidence of pulmonary oedema, only two of a group of 
ten rats showing oedema. All of a control group of ten receiving the 
same dose of ammonium cliloride showed extensive oedema of their 
lungs. Through the kindness of our colleague, Dr A. D. Bangham, 
we were able to inject ammonium chloride into five rats 20 hours after 
a large dose of Cortisone (5 mg. per rat). Severe pulmonary oedema 
appeared in all five animals in 5-25 minutes, identical with that 
developing in control rats given a similar dose of ammonium chloride. 

Discussion 

Our experiments show that intoxication with the ammonium ion 
quickly produces acute pulmonary oedema of a catastrophic type 
which terminates fatally within 5-30 minutes. The oedema is accom¬ 
panied by serious disturbances of the central nervous system which, 
in themselves, may be responsible for death, for we have been able 
to prevent pulmonary oedema without modifying the severity of the 
nervous symptoms. The oedema runs through a typical course which 
is identical with that found with other forms of acute oedema such 
as the fibrin neurogenic oedema described by Cameron and De. Thus 
there is histological evidence of increased lymph flow from the lungs, 
overflow of fluid from the lung capillaries into the air spaces, frequently 
haemorrhage on a large scale and acute patchy emphysema. We 
obtained no evidence of serious haemodynamic disturbance in animals 
receiving large intravenous doses of ammonium chloride until the 
convulsive stage was reached. The high protein content of the oedema 
fluid suggests that capillary permeability for protein had been increased 
and we attribute this to the ammonium intoxication. 

In an attempt to carry the analysis of this altered capillary 
permeability* a step further we have sought for means of preventing 
the pulmonary cedema by interrupting connections between the 
nervous system and the lungs. Some success has attended our efforts 
for we have succeeded in inhibiting or completely preventing oedema 
with central nervous sj'stem depressants such as morphine and 
chloralose, by blocking autonomic ganglia with nicotine and adrenergic 
nerve endings with Priscol and Dibenamine. On the other hand, 
blocking cholinergic effector endings with atropine or interrupting 
parasympathetic pre-ganglionic fibres and afferent fibres from the lungs 
by double vagotomy did not prevent ammonium cedema. Division 
of both cervical sympathetic chains likewise was without value, nor 
were anti-histamine drugs such as Phenergan and Anthisan of use 
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Thcso results suggest tliat tlio nervous system plays an important 
part in tlio initiation of acuto lung codcma duo to ammonium ion 
intoxication. In particular, the sympathetic system seems to bo 
concerned in this process; thcro is no reason for incriminating tlio 
parasympathotic system since its connections with the lungs and 
eardio-vasoular system can bo severed without influencing the course 
of tlio ammonium oedema. Wo would suggest that this form of lung 
oedema bo classified as an adrenergic nervous oedoma. 

Acuto pulmonary oedema has been produced in guinea-pigs, rats, 
cats and rabbits by the oral and intraporitoneal injection of largo 
doses of various ammonium salts (Windlo ct al., KlfG; Koenig and 
Koenig, 194S<i and 6; 1949a and 6 ; Macl;ny et al., 1949; and 
Winter, 1949). Amorican workers havo also prevented or inhibited 
the oedema by prior administration of adrenergic blocking agents 
(Koenig and Koenig, 19496; Mackey ct al., 1949) but not by the 
interruption of parasympathetic nervo impulses (Koenig and Koenig, 
19496) nor by tlio uso of anti-histamine drugs (Maekay et al., 1949 ; 
Winter, 1949). Their results are thus in closo agreement with ours. 
Koenig and Koenig (19496) diffor in obtaining negative results with 
morphine and cliloraloso and they conclude that central norvous system 
depressant drags in doses sufficient to induco amesthesia do not 
prevent ammonium pulmonary' oedema. These workers, too, favour 
a sympathetic norvous origin for the oedema and bIiow that bilateral 
adrenalectomy in rats reducos, but does not prevent oedema, that 
section of the spinal cord at or above the level of the first thoracic 
vertobra is also effective, but that division of the cervical sympathetic 
chain does not prevent oedema. Mesencophalic decerebration, too, 
was effective in rats which survived the operation. Koonig and 
Koenig point out that hypertension is not a necessary prerequisite 
for pulmonary oedema since oedema sometimes develops without 
hypertension while hypertension can be induced by ammonium salts 
without accompanying pulmonary oedema. We have not been able 
to confirm the Koenigs’ observations on transection of the spinal 
cord because our rats invariably died soon after the operation. 
Tho outcome of all of these investigations may bo summarised 
in the suggestion that ammonium oedema of tho lungs is bound up 
with the sympathetic nervous control of those organs and the oedema 
may be labelled adrenergic nervous oedema. 

During tho last two years we havo been using tho self-same pattern 
of study for the investigation of other types of experimental pulmonary 
oedema. We have found, for instance, that the oedema which results 
from giving « naphthyl thiourea (ANTU) to rats cannot be controlled 
by drugs or devices aimed at interrupting both divisions of the 
autonomic nervous sytem, that the fibrin neurogenie oedema responds to 
block of tho cholinergic nervous system and to anti-histamine drugs 
but not to adrenergic nerve block, though Halpern and his co-workers 
(Cruchaud and Vermeil, 1950) apparently were able to prevent this 
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type of oedema by such means. We would recall that Halpem cl al. 
(1950) have inhibited the pulmonary oedema caused by inhalation of 
chlorine and phosgene gas by the use of anti-histamine drugs, and that 
other workers in two World Wars have failed to obtain beneficial results 
by interrupting the parasympathetic and sympathetic nerve supplies 
to the lungs of gassed animals. This oedema would thus appear 
to be the result of primary endothelial damage. We would also 
remind the reader that hydrostatic and osmotic factors are still 
retained as possible causes of lung oedema although the experimental 
and clinical evidence for these distinctions is far from clear. 

Accordingly we suggest as a tentative classification of pulmonary 
oedema the following scheme :— 

1. Hydrostatic. 

2. Osmotic. 

3. Neurogenic 

A. Adrenergic. 

B. Cholinergic. 

4. Endotheliogenic. 

Future investigation may necessitate the modification of the 
classification but for the time being it will serve as a plan for further 
work. 


Summary 

The intraperitoneal injection of large doses of ammonium salts 
induces acute pulmonary oedema in rats associated with, but 
independent of, intoxication of the central nervous system. Pre¬ 
medication of animals with sympatholytic drugs inhibits or prevents 
the oedema but parasympathetic blockage, whether by double 
vagotomy or administration of atropine, is without influence. Anti¬ 
histamine drugs, too, are ineffectual. For these and other reasons 
it is suggested that ammonium pulmonary oedema be labelled as a 
type of adrenergic nervous oedema. A tentative classification of 
pulmonary oedemas is proposed. 

We wish to thank Dr R. A. Mehrotra for preparing the diagram and photo¬ 
micrographs and Mr F. J. Crew for much assistance with the experiments. 
Expenses were met by a grant from the Graham Research Fund. 
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CARDIAC LESIONS IN RABBITS FOLLOWING 
INJECTIONS OF HORSE SERUM 

T. Crawford and J. R. Nasseh 

- From the Department of Pathology, St George's Hospital 
Medical School, London 

(Plates CII-CIV) 

Longcofe, in 1915, noted myocardial lesions in rabbits which had 
received injections of liorso serum, consisting only of round-cell 
infiltration with musclo-fibrc degeneration. Although he found no 
similar lesions in liis control rabbits, theso changes do not differ clearly 
from thoso later described by Miller (1924) in a high proportion of 
apparently normal uninjectcd rabbits. IClingc (1929-30) described 
arterial lesions resembling polyarteritis nodosa in rabbits which had 
been given repeated horse-serum injections, and Vaubol (1932) found 
similar vascular lesions togothor with myocardial lesions resembling 
Aschoff bodies. Metz (1931-32) had already obtained this typo of 
lesion following injections of bovino serum. 

Sinco these earlier studies horse-scrum injections into rabbits have 
been widely employed in tho investigation of hyperergic tissue reactions 
with striking variation in the incidence and severity of lesions, and 
the interpretation of the results has varied corresponding]}'. In tho 
present study an unusually largo number of rabbits has been given 
horse-serum injections and tho morphology of the lesions has been 
carefully studied and compared with that of lesions occurring in 
untreated rabbits and in diseases of man. 


Experimental methods 

Ninety young adult male rabbits from mixed stock and weighing 1*5-2.6 kg. 
were given injections of horse serum. This serum was kindly provided by 
Burroughs IVellcomo and Company and it showed an average protein content 
of 5*6 g. per 100 ml. (albumen 1-90 g., a and ft globulins 2-24 g., y globulins 
1*40 g.}. Serum dosage followed tho scheme of Rich and Gregory (1943a), 
intravenous injections of 10 ml. per kg. body weight being given on the first 
and nineteenth days of tho experiment, with a small injection of 1 ml. between 
tho two largo doses, on the seventeenth day. The animals were killed from 
4 to 8 days after the last dose by means of an injection of hexabarbitone sodium 
and autopsy was performed immediately. Tho heart and other tissues wore 
fixed in aqueous mercuric chloride followed by formol-saline. After a few 
hours’ fixation, when firm enough to cut, the heart was sectioned transversely 

J. PATH. BACT.—VOL. LXIH 619 
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to give 6 to 8 thin blocks. These were embedded in paraffin and sections were 
cut and stained by the usual techniques, special attention being paid to the 
demonstration of fibrin in the lesions. To this end Weigert’s fibrin stain, 
Mallory’s phosphotungstie acid-haematoxylin, the picro-Mallory method’ 
<Lendrum and McFarlane, 1940} and the acid picro-Mallory modification 
<Lendrum, 1949} were employed. 

The control material consisted of 30 rabbits from the same stock as the 
experimental animals. They wore not given any injections. Of these controls, 
15 were apparently healthy rabbits while the remaining 15 had developed some 
illness and either died or were killed in the same way as the injected rabbits. 
The illnesses were not always diagnosed but included respiratory and alimentary 
infections as well as certain parasitic diseases. These two groups of control 
rabbits are referred to in the following sections as “ normal controls ” and 
■“ sick controls ” respectively. 


Results 

Lesions were found in the myocardium, valves and coronary 
arteries in a high proportion of the animals. In the following para¬ 
graphs a description is given of the various types of lesion encountered. 


A. Myocardial lesions 

1. (Edema . Slight degrees of oedema are difficult to assess and so 
this condition was recorded only when there was wide separation 
of the muscle fibres. This was seen in 19 (21 per cent.) of the experi¬ 
mental animals and was not seen in the controls. It was most evident 
in the papillary muscles of both ventricles and in the lateral wall of 
the right ventricle. 

2. j Lymphocytic foci. Collections of lymphocytes were found in 
the myocardium of 41 (46 per cent.) of the injected and 6 (20 per cent.) 
of the control animals. They varied in size from small groups of a 
dozen or so cells up to large aggregations measuring as much as a 
mm. in diameter. The large lesions, however, were not numerous, 

3. Histiocytic foci. T his term is used for convenience to designate 
cellular collections consisting of rather indeterminate forms with the 
general features of tissue histiocytes (fig. 1). These cells varied from 
12 p to IS ji diameter ; they were round, oval or irregular in outline 
with a round or indented nucleus having a well-defined nuclear 
membrane. Occasional larger forms with two or more nuclei were 
seen and there was a varying admixture of lymphocytes and plasma 
cells in the lesions (fig. 2). frequently, near the centre of these foci, 
some rather indistinct eosin-staining material was present. Usually 
it gave the staining reactions of collagen, but in 8 experimental animals 
lesions occurred which contained material giving the reactions of 
fibrin (fig. 3). In some of the older lesions delicate new-formed 
collagen fibres were present among the cells. These lesions occurred 
with no apparent relationship to blood-vessels in 15 experimental 
animals and one control, and in a paravascular position in 39 experi¬ 
mental animals (fig. 1). Similar lesions occurred as subendocardial 
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to give 6 to 8 thin blocks. These were embedded in paraffin and sections were 
cut and stained by the usual techniques, special attention being paid to the 
demonstration of fibrin in the losions. To this end Weigert’s fibrin stain, 
Mallory’s phosphotungstic acid-htematoxylin, the picro-Mallory method 
<LencIrum and McFarlane, 1940) and the acid picro-Mallory modification 
{Lendrum, 1949) wore employed. 

Hie control material consisted of 30 rabbits from the same stock as the 
experimental animals. They were not given any injections. Of these controls, 
15 wore apparently healthy rabbits while tho remaining 16 had developed some 
illness and either died or wore killed in the same way ns the injected rabbits. 
The illnesses wore not always diagnosed but included respiratory and alimentary 
infections as well as certain parasitic diseases. These two groups of control 
rabbits aro referred to in tho following sections as “ normal controls ” and 
■“ sick controls ” respectively. 


Results 

Lesions were found in the myocardium, valves and coronary 
arteries in a high proportion of the animals. In the following para¬ 
graphs a description is given of the various types of lesion encountered. 


A. Myocardial lesions 

1. (Edema . Slight degrees of oedema are difficult to assess and so 
this condition was recorded only when there was wide separation 
of the muscle fibres. Tin's was seen in 19 (21 per cent.) of the experi¬ 
mental animals and was not seen in the controls. It was most evident 
in the papillary muscles of both ventricles and in the lateral wall of 
the right ventricle. 

2. Lymphocytic foci. Collections of lymphocytes were found in 
the myocardium of 41 (46 per cent.) of the injected and 6 (20 per cent.) 
of the control animals. They varied in size from small groups of a 
dozen or so colls up to large aggregations measuring as much as a 
mm. in diameter. The large lesions, however, were not numerous. 

3. Histiocytic foci. This term is used for convenience to designate 
cellular collections consisting of rather indeterminate forms with the 
general features of tissue histiocytes (fig. 1). These cells varied from 
12 p to 18 p diameter ; they were round, oval or irregular in outline 
w r ith a round or indented nucleus having a well-defined nuclear 
membrane. Occasional larger forms with two or more nuclei were 
seen and there was a varying admixture of lymphocytes and plasma 
cells in the lesions (fig. 2). Frequently, near the centre of these foci, 
some rather indistinct eosin-staining material was present. Usually 
it gave the staining reactions of collagen, but in 8 experimental animals 
lesions occurred which contained material giving the reactions o 
fibrin (fig. 3). In some of the older lesions delicate new-forme 
collagen fibres were present among the cells. These lesions occurre 
with no apparent relationship to blood-vessels in 15 experiment^ 
.animals and one control, and in a paravascular position in 39 expen 
mental animals (fig. 1). Similar lesions occurred as subendocar a 



J. VATU JUCT—VOL. LXUI 


Plate CHI 


EkVI WMENTAL CARO lac lesions 





Kio. G.—Giant cell containing frag¬ 
ments of necrotic heart-mu«clo fibre. 
Rabbit 42. Htcnanlum • phloxmc- 
tartrazme. x 400. 



Fig 7 —Endothelial proliferation forming a 
plaquo on the surface of the mitral \ohe. 
Rabbit 47. H. and E. X 90. 



Fio. C—Histiocytic focus in the mitral \al\o 
showing fibrin liko material amoncst the cells. 
Rabbit 20 Mallory's phosphotungs»tic acid- 
hrematoxjhn. / 100. 



Fig. 8 —Endothelial proliferation m a 
small coronary' artery. Blood space-* 
ha\e formed among tlie proliferated 
cells Rabbit57. H.andE. a 75 
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foci (14 injected animals), and as subepicardial foci (14 injected 
animals) Altogether 49 experimental animals exhibited one or 
more of theso v arietics of the lesion 

4 Diffuse cellular infiltration Diffuse infiltration of the myo¬ 
cardium by lymphocytes, plasma cells and larger mononuclear cells 
•of the histiocyte class was seen m 32 (3G per cont) of tho injected 
animals and did not occur m the controls (fig 4) Tho area involved 
Mined from as little as a low power microscopic field up to largo 
tracts of the myocardium ns much as a cm long The right auricle 
and -ventricle were moro frequently involved than the left 

3 Eosinophilic infiltration Small areas of myocardial infiltration 
by eosinophils were seen m 6 injected animals and in one animal 
of the sick control group 

(5 Muscle necrosis Ncciosis of muscle fibres occurred m only 
three of the injected animals In each enso tho necrosis was limited 
to tho lateral wall of the right ventricle Individual fibres and small 
groups of fibres w ero affected and there was no apparent relationship 
to vascular lesions Recently affected fibres stained intensely with 
phlouno and showed tho other staining properties of fibrin , m older 
lesions tho staining was less intense Soon the necrotic fibres frag¬ 
mented and numerous lustioey tes and giant cells of foreign body 
typo accumulated in tlio v lcinity’ In many of the giant cells fragments 
of tho necrotic muscle, still showing the staining reactions of fibrin, 
•could be seen (fig 5) Removal of the necrotic fibres was accompanied 
by some overgrowth of fibrous tissue 

7 Amtschloio cells The curious cells described by Anitschkow 
(1913) and since given a confusing variety of names wero seen in the 
mvocardium of 18 (20 per cent) of the injected rabbits and 3 (10 per 
cent) of the controls These colls are usually oval or elongated m 
shape and have an oval nucleus in which tho chromatin is collected 
into a dense central longitudinal bar from which delicate transverse 
strands pass out to the conspicuous nuclear membrane Sometimes 
these cells entered into the formation of the lustiocytic foci but 
frequently they lay between the muscle fibres without any clear 
relationship to other lesions 

B Valvular lesions 

1 (Edema As with the myocardium, cedema of tho valves proved 
difficult to assess m stained sections Definite separation of the 
fibres of the interstitial tissue of the cusps was, however, noted m 19 
(21 per cent) injected rabbits and 3 (10 per cent) sick controls 

2 Histiocytic foci Cellular foci, similar to those occurring m the 
myocardium, were present in the valves of 3B (40 per cent) injected 
animals and of 4 (13 per cent) controls The mitral valve was involved 
m each of these eases and m some the aortic or tricuspid valve was 
also affected As wnth the myocardial foci, some of the lesions con- 
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tamed material giving the staining reactions of fibrin (fig. 6). This 
was seen in 6 injected and two control animals. 

3. Endothelial proliferation. Proliferation of the surface endo¬ 
thelium of the valve cusp, forming a small elevated plaque, occurred 
on the mitral valves of 15 injected animals and was seen also on the 
aortic valves of some of the same rabbits (fig. 7). It did not occur 
in the controls. 

4. Anitschkow cells. These cells were seen in the valve cusps of 32 
(36 per cent.) injected rabbits and 3 (10 per cent.) controls. 

C. Lesions of the coronary arteries 

1. Nuclear changes. The most frequent alteration in the vessels 
consisted in the appearance of curious nuclei amongst the muscle 
fibres of the media, and sometimes extending into the intima and 
adventitia as well. These nuclei closely resembled the nuclei of the 
Anitschkow cells mentioned above as occurring in the valves and 
myocardium, but distinct cell outlines could not be recognised and 
the identity of these cells with the myocardial and valvular Anitschkow 
cells is not certain. The change was seen principal^ in medium-sized 
and small branches of the coronarj’’ arteries and was most frequent 
in the arterioles of the papillary muscles of the left ventricle. It 
was present in G5 (72 per cent.) of the injected animals and in S (27 per 
cent.) controls. 

2. Endothelial proliferation. Proliferation of the endothelium of 
the coronary arteries, forming a layer several cells thick, was encoun¬ 
tered in 27 (30 per cent.) of the injected animals. This change usually 
involved the complete circumference of the affected segment but 
was sometimes limited to a part of it. In some cases the proliferated 
cells showed palisading or arch formation, and blood-containing spaces 
developed between the endothelial cells (fig. 8). 

3. Medial sivelling. Swelling of the medial coat of small vessels 
with blurring of the outlines of the muscle fibres (fig. 9) was noted 
in 49 injected rabbits and in one sick control. This change was often 
associated with the nuclear changes described above, and there were 
commonly cellular foci in relation to the affected vessels. The 
swelling and distortion of the media appeared to represent the earliest 
stage or mildest degree of the more severe necrotising lesions described 
below. 

4. Medial necrosis. This fully developed lesion was seen in 16 
(18 per cent.) of the injected rabbits. When present it usually involved 
the whole circumference of the affected segment of vessel, but the 
length of these segments varied from as little as approximately 60 y 
to as much as a centimetre or more. Material giving the staining 
reactions of fibrin appeared in eariy lesions as a delicate network 
between the muscle fibres of the media, while in more advanced lesions 
the whole media was converted to an amorphous mass of the same 
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material (fig. 10). In the severest lesions there was some extension 
of necrosis into the intima and adventitia. Concurrently with this 
necrosis there was always some alteration in the internal elastic 
lamina. In the less severely affected arterial segments the lamina 
had merely lost its usual wavy form and appeared stretched and 
taut (fig. 11); but with moro severe lesions gaps appeared in the 
membrano and in some instances it was totally disorganised. 

5. Arterial scarring. In a number of the hearts arteries were seen 
in which there was irregular fibrous Toplacoment of the muscular coat 
with defects in the internal elastic lamina and fibrous thickening of 
the intima (fig. 12). These -were the lato results of necrosis, brought 
about by organisation and absorption of the necrotic tissue; they 
were seen in 19 (21 por cent.) of the injected rabbits, seven of which 
also showed tho active necrotic stage in nearby vessels. 


Discussion 

In tho accompanying table tho incidence of tho various lesions in the injected 
nnd control groups of animals is summarised. Amongst the myocardial lesions 

Table 


Incidence of individual lesions in injected and control rabbits 



Injected rabbits (00) 

' II 


umber 


Normal 

Number 

Sick 

Number 


Myocardial lesions 





Si 

CEdoma . ... 

10 

21 

0 

0 

SI 

Lymphocytic foci 

41 

46 


2 

n 

Histiocytic foci .... 

49 

54 


1 


Diffuse infiltration 

32 

36 


0 


Eosinophilic infiltration 

0 

7 


1 


Muscle necrosis .... 

3 

3 


0 

0 

Anitschkow cells 

18 


MM 

mm 

10 

Valvular lesions 




mm 


CEdoma .... 

19 

21 

0 


10 

Histiocytic foci.... 

36 




13 

Endothelial proliferation 

15 

17 

0 

0 

0 

Anitschkow cells 

32 

36 

1 

I 


Arterial lesions 





■ 

Nuclear changes 

65 

T2 

1 

7 


Endothelial proliferation 

27 


0 

0 


Medial swelling .... 

49 

54 

0 

1 


Necrosis ..... 

16 

18 

0 

■■i 


Scarring ..... 

19 

21 

0 

0 



The figures in parentheses indicate the number of animals in each group 


it is clear that neither the lymphocytic foci nor the presence of Anitsclikow cells 
could he regarded as specific results of the injections ; but even so those changes 
were twice as frequent in the injected as in tho control animals. Evidently 
these are non-specific reactions which may result from a variety of stimuli. 
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including injections of this type. This clearly applies also to the nuclear changes 
amongst the arterial lesions and perhaps to the oedema, histiocytic foci and 
Anitschkow-cell proliferation among the valvular lesions. 

The lymphocytic foci in the myocardium correspond to the lesions described 
by Miller as “ spontaneous interstitial myocarditis ” and seen by him in 20 out 
of 34 apparently healthy adult rabbits. He found in addition cellular foci 
containing macrophages, but in the present series of control animals such foci 
were encountered in only one of the 30 rabbits whereas 54 per cent, of the 
injected rabbits showed this type of lesion. There can be no doubt that in most 
of these animals the histiocytic foci were the direct result of the injections. 
This applies especially to the lesions containing material giving the sta inin g 
reactions of fibrin, for such material never occurred in the lesions of the control 
rabbits. The myocardial lesions described as diffuse cellular infiltration, 
eosinophilic infiltration and muscle necrosis were also almost confined to the 
injected rabbits and appear to be direct if less frequent effects of the 
injections. 

Amongst the valvular lesions endothelial proliferation was encountered 
frequently in the injected animals and not in the controls, but the position with 
histiocytic foci in this situation was less clear. Our findings are in agreement 
with More and McLean (1949) who found “ granulomatous lesions ” in the valve 
cusps of 2 out of 25 control and 6 out of 77 injected rabbits. Their finding 
that lesions in the valve-ring occurred only in the injected rabbits was not fully 
confirmed in our material for although ring lesions occurred in 8 injected rabbits 
there was one example amongst the sick controls. In addition deposits of 
fibrin were observed in tho lesions of two of the four control rabbits showing 
histiocytic foci in the valves. In these controls, however, the fibrin was in a 
more superficial position than in the injected rabbits and may well have- 
represented a surface deposit which had become incorporated in the tissues. 

With the exception of the nuclear changes, the arterial lesions are all clearly 
related to the injections ; and it is seen that 28 (31 per cent.) of the injected 
animals showed either medial necrosis or the scarring which succeeds it, or a 
combination of these lesions. That is to say that under tho conditions of these 
tests approximately one third of the injected animals showed the fully developed 
arterial lesion. A further 24 rabbits showed only the medial swelling regarded 
as the early or mild lesion, and thus 52 (58 per cent.) altogether showed some 
degree of tho vascular lesion. This incidence is lower than some other workers- 
have observed, for Rich and Gregory (1943a) found arterial lesions in 70 per 
cent, of their animals, McKeown (1947) in S8 per cent., and More and McLean 
in 73 per cent. On tho other hand, Alston, Cheng and Short (194/) found no 
lesion in 32 injected animals, and Smith and Zeek (1947), with 8 rabbits, had 
similar negative results. These variations in the incidence of the arterial 
lesions are difficult to explain and Rich, in a letter quoted by Alston, Cheng 
and Short, has suggested individual differences in the rabbits rather than 
differences in the serum as the likely explanation. In the present investigation 
the animals showing lesions have been fairly uniformly distributed through 
the series and there has been no significant difference in the incidence of lesions 
obtained with the different batches of horse serum. The failure of Smith and 
Zeek to record an example of arterial necrosis in their small group of only 
8 animals is not particularly surprising for we found this lesion in only 18 per 
cent, of our animals ; but it is strange that Alston, Cheng and Short found no 
such lesion in their larger series of 32 rabbits. 


The chief interest of these experimental lesions lies in the 
resemblance they show to the lesions occurring in certain diseases of 
man. In this connection the necrotic arterial lesion shows such a 
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striking resemblance to lesions of polyarteritis nodosa m man as to 
suggest at once a similar pathogenesis for the tw o conditions, and 
m fact, since the ronval of interest m tho subject which followed 
Rich and Gregory’s work (1943a), it hns boon widely accepted that 
polyarteritis nodosa results from acquired hypersensitivity to some 
protein or protein conjugation product It should be remembered, 
however, that closely similar lesions w ero seen by Wilson and Byrom 
(1941) in rats rendered hypertonsne by tho application of a clip to 
one ronal artery, while Friedman, Jarman and Klomporer (1941) 
produced similar but less oxtensive lesions m rats, using a cellophane 
strip envolopmg one kidney to produce the hypertension Smith, 
Zeek and McGuire (1944), employing tho silk perinephritis technique 
to render their animals hypertensn o, w ere able to reproduce “ pen 
arteritis nodosa ” in both rats and dogs, while Selye and Pentz 
(1943) found similar lesions in rats which had developed hypertension 
following unilateral nephrectomy and administration of desoxy- 
corticosterono acetate and sodium chlonde Wo are faced, therefore, 
with two experimental procedures each of which in suitable eircum 
stances leads to lesions closely resembling those of human polyaitentis 
nodosa In tho first tho animals me rendered hypersensitive to foreign 
protein, whilo in the second a sharp elevation of blood pressure is 
induced by some suitablo manceuvro It would seem that the first 
typo of experiment leads to a tissue antigen-antibody reaction 
characterised by necrosis and altered staining reactions m the vessel 
wall, with a cellular reaction m and around tho injured area , while 
m the second group of experiments a sudden elovation of the blood- 
pressure damages the inadequately adapted arteries, leading again 
to necrosis and altored staining reactions m the vessel wall with a 
secondary' cellular reaction as m the former type of lesion Collateral 
evidence from chnical sources strongly' supports the hypersensitivity 
experiments as representing the closer parallel to the pathogenesis of 
human polyarteritis nodosa , hypertension occurs in only 64 per cent 
of cases of polyarteritis nodosa and may come on late m the disease 
(Hams, Lynch and O’Hare, 1939), and many cases have now been 
recorded m which there was direct evidence of some form of hyper¬ 
sensitivity such as serum sickness (Clark and Kaplan, 1937 , Rich, 
1942) 

Comparison of the myocardial lesions with the lesions of human 
rheumatic carditis shows points of close resemblance, but here agam 
there has been much difference of opinion Vaubel noted the 
resemblance of the cellular nodes in tho hearts of his experimental 
rabbits to the Aschoff bodies of rheumatism, and the close relationship 
of the experimental and natural lesions has been supported by Rich 
and Gregory (19436), Hopps and Wissler (1946), McKeown (1947), 
More, Waugh and Kobermek (1949), Roberts, Crockett and Laipply 
(1949) and Wisslor, Smull and Lesh (1949) On the other hand Fox 
and Jones (1944) regarded the lesions as only vaguely resembling 
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Aschoff bodies while Ehrich, Seifter and Eorman (1949) consider 
the heart lesions not typical of rheumatic fever, but corresponding 
more to those of rheumatoid arthritis. Similarly, More and McLean 
look upon the experimental “ rheumatism-like lesions ” of valves 
and muscle as unconvincing because comparable lesions were seen 
in then control rabbits and the difference in incidence was not 
statistically significant. 

The present investigation supports the first group of workers who 
stress the close resemblance of the experimental and rheumatic lesions. 
The argument hinges around whether or not the experimental histio¬ 
cytic foci are in fact the counterpart of the Aschoff bodies of 
rheumatism. Gross and Ehrlich (1934a and b) have subdivided 
myocardial Aschoff bodies into two main varieties which they term 
the reticular and coronal types respectively, and Lendrum (1941) 
has confirmed this sub-division and has described the staining reactions 
in detail. In the reticular type there is amongst the cells a varying 
amount of fibrin-like material forming an interlacing network ; while 
in the coronal type the cellular collections surround some swollen 
collagen fibres which do not give the staining reactions of fibrin. 
The descriptions we have given above of the histiocytic foci in the 
myocardium of the injected rabbits fit remarkably closely to these 
two types of lesion. Eibrin-like material was present in some of the 
foci in 8 animals, and these lesions correspond in general form to 
the reticular type (fig. 3) while in 41 animals this was not observed 
and all the lesions corresponded to the coronal type. The cellular 
constituents differed little from those seen in human lesions, though 
fewer large and multi-nucleated forms occurred. The differences 
observed are not beyond what would be anticipated in such widely 
differing animal species. 

Of the other myocardial changes found in the injected rabbits, cedema and 
diffuse cellular infiltration are similar to changes commonly observed in the 
hearts of children dying in the early acute stage of a rheumatic attack. The 
extensive necrosis of muscle fibres seen in three of the rabbits, and noted 
previously by More and McLean, has not any clear parallel in human disease; 
it would seem to be the counterpart in the heart of the more frequent necrosis 
of muscle occurring in the coronary arteries. In the valves of the rabbit hearts 
nothing closely resembling the vegetations of rheumatism has been seen, though 
oedema and cellular foci are represented in both conditions. On the whole, 
the resemblance between the experimental myocardial and valvular lesions 
and the lesions of rheumatism, though far less striking than the similarity of the 
experimental arterial lesions to polyarteritis nodosa, is nevertheless sufficiently 
close to suggest a parallel pathogenesis, and so to lend support to the hypothesis 
that rheumatic lesions result from sensitisation of the tissues to some foreign 
antigen. 

In these experiments the antigen employed has been a very complex 
mixture and it is desirable to determine whether particular components 
of the mixture are responsible for the different types of lesion observed, 
or whether the effects are non-specific in character and independent 
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of the nature of the antigen. The difficulty of obtaining suitable 
pure antigens is considerable but if this can be achieved it will be of 
interest to compare tho incidence of the lesions they induce with the 
incidence of similar lesions observed in the present study. 

Summary 

Ninety rabbits were given repeated intravenous injections of 
horse serum and were killed 3 to 8 days after the last injection. The 
microscopic lesions occurring in the myocardium, heart valves and 
coronary arteries were compared with material from 30 control rabbits. 

Significant nrtorial lesions occurred in 58 per cent, of the animals, 
and showed a striking resemblance to tho lesions of polyarteritis nodosa 
in man. The myocardial and valvular changes, which were seen 
respectively in 54 and 40 per cent, of the animals, are, however, less 
obviously the counterparts of rheumatism. Nevertheless, the histio¬ 
cytic foci show variations corresponding closely to the reticular and 
coronal types of Aschoff body, and tho resemblance is sufficient to 
lend support to tho view that the lesions of rheumatism are the result 
of a tissuo antigen-antibody reaction. It is not yet clear whether the 
multiplicity of lesions obtained in these experiments is the outcome 
of tho use of horse serum—a complex mixture of antigens—or whether 
the effects are independent of the nature of the antigen. The 
elucidation of this problem will require tho uso of suitable pure antigens. 
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HYPERSENSITIVITY REACTIONS TO HORSE SERUM 
IN THE BLOOD VESSELS OF RABBITS 

A Hamid Sheikh 

Department of Morbid Anatomy , University College Hospital 
Medical School, London 

(Plates CV and CVI) 

This paper describes e\poiimonts 111 which hv porsensitu lty xeactions 
were e\oked in animals by injecting the “ shocking ” dose of antigen 
directly into the walls of largo blood vessels 

Methods 

Twclv e male albino rabbits, 1 8 2 1 g body weight, were sensitised against 
filtered sterilo normal horso sorum containing no preservative by the method 
of Rich and Gregory (1943) Nino animals receded an initial mtravonous 
injection of 20 ml serum per 1 g body weight, tlirco 10 ml per kg Tho sub 
sequent dosage was 10 ml por kg for all animals oxcopt two which wore given 
20 ml per kg ns tho second dose Tho latter was administered on the nineteenth 
day, the rabbits being partially desensitised by an intravenous injection of 
1 ml serum giv on 24 hours previously In experiments with multiple injections 
the timo spacing was 12 15 days, without recourse to previous dosensitisation 
One rabbit died immediately after tho first desensitising doso and another 
24 hours after tho fourth massive dose 

An mtradermal injection of 0 2 ml horso serum was first given on tho 
twelfth day for skin testmg The ensuing reaction was pronounced m a number 
of rabbits but consisted of a faint erythema, 5 7 mm diameter, in others 
Later tests were much more active in their responses, an erythematous swelling 
3 3 5 cm diameter, with liromorrhage and even necrosis developing in 5 rabbits 
24 48 hours after the test injection Two rabbits, however, remained com 
pletoly refractory to elan testmg oven after seven injections and these were 
excluded from tho experiment A transient rise in tomperature up to 103 5° F 
was observed in all animals between the sixth and ninth days after the first 
injection A well marked cutaneous flush was noted in tho ears of two rabbits 
on tho fifth and sixth days , this faded after 72 hours 

The final “ shocking ” arterial injections were made 8 10 day's after the 
last intravenous dose of horse serum A skin test performed 48 hours before 
this operation proved to be strongly positive in all of tho animals Under 
Nembutal and ether anaesthesia and with strict asepsis the femoral arteries were 
exposed and separated from the accompany mg structures and 0 1 ml horse 
serum was injected into tho adventitia of well separated, small segments of the 
vessels A common carotid artery* was similarly infiltrated in each rabbit 
The animals were killed at varying tune mterv als ov er a period of 3 45 day’s 
Tliree control male rabbits from the same stock and of similar weight to the 
experimental animals were given 10 ml per kg normal saline intravenously, 
j riTH met— vol i\in c°o 
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the dose being repeated after 19 days. Ten days after the second injection a 
common carotid and both femoral arteries in each animal -were infiltrated 
frith normal liorse serum as in the case of the experimental animals. The 
controls were kept under similar conditions to the latter and were killed at 
various time intervals. 

Injected segments of arteries from all animals were dissected out carefully 
with the surrounding muscle, fixed in 10 per cent, formol saline, cut at six 
different levels by the paraffin technique and stained with Ehrlich’s acid 
hcematoxylin and eosin, van Gieson and Weigert’s elastic stain. In addition, 
random pieces of heart, lung, kidney, liver, spleen, ascending aorta, and in 
some cases mesenteric artery were sectioned ns a routine procedure. 


Eesttlts 

1. Acute reactions. Arterial lesions varied greatly from animal 
to animal and with the time interval elapsing after the “ shocking ” 
injection. 

A. A mild response, encountered in some vessels 5-7 days after 
local infiltration, merely consisted of slight oedema and lymphocytic 
and large mononuclear cell infiltration in the perivascular tissue and 
the adventitial coat. The endothelium of the vasa vasorum was 
invariably swollen and prominent and the vasal walls appeared 
cedematous and infiltrated with mononuclear cells. No alteration could 
be detected within the media and intima of the main vessel. 

B. In the next grade of reaction both the adventitia and media 
were cedematous and infiltrated with lymphocytes while pyknotic 
change in the nuclei of some of the muscle cells of the vessel wall 
denoted damage to these elements. 

C. The first evidence of really serious disturbance consisted of 
a well-marked inflammatory reaction in the perivascular tissue 
and the adventitia, the exudate containing numerous histiocytes, 
lymphocytes, large plasma cells, and eosinophils. In one instance 
a multinucleated giant-cell was discovered. The vasa vasorum were 
also involved in this response. The media and intima seemed 
cedematous and more cellular than usual, the endothelial fining cells 
were frequently swollen and desquamating but the internal elastic 
membrane appeared to be intact. 

D. A truly severe type of damage was found in most rabbits, as 
shown by marked cedema and massive cell infiltration of the media 
and adventitia, damage and necrosis of fibrous tissue and muscle and 
thinning, straightening and fraying of elastic fibres. Polymorpho¬ 
nuclear leucocytes and eosinophils, too, were numerous in these coats. 
The intima was full of inflammatory cells, subendothefial cedema was 
str ikin g and endothelium had proliferated to form minute papillary 
processes and ingrowths. The internal elastic lamina remained intact 
though sometimes it seemed less wavy. Collagenous fibres were often 
well separated by cedema, swollen and hyalinised, especially in the 
intima. Apparently the medial lesions could commence in any part 
of the muscular layer for in some segments it involved the inner thir 
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Plate CV 


Hypersensitivity 



Fio. 1.—Femoral ortory of sensitised rabbit 5 days after injection of serum into 
odiontitin. Pcm oscular cellular exudation, slight endotholml proliferation with 
palisading of nuclei and subendothelial ccdomn. A fowpyknotic nuclei m tho 
media. Hrcmatoxjlin and eosm. xl70. 



Fio. 2.—Common carotid artery of sensitised rabbit G days after injection of serum 
into adventitia. Extensive necrosis and oedema, of media, bands of fibrinoid in 
adventitia and media, proliferating endothelium and thrombosis. All coots show 
a heavy cellular exudation. H. and D. X 80. 
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of that coat only, while in others tho outer third atone was necrotic 
and inflamed. 

Every now nnd then endothelial proliferation produced irregular 
thickening of tho intima and masses of these cells togethor with various 
inflammatory colls could he traced into recently formed thrombi 
occluding the lumen. Occasionally such colls wero aggregated to 
form follicles not unlike those described by Buorger (190S; 1914-15) 
in cases of thromboangiitis obliterans. In such instances fibrinoid 
was particularly well developed and much destruction of elastic fibres 
had occurred in tho media. 

E. In one animal tho arterial wall response was highly reminiscent 
of an Artlius reaction in tho skin. Fibrinoid degeneration was now 
well developed, eosinophilic loueocytes wero numerous and musclo 
destruction led to disorganisation of tho wall. 

2. Chronic reactions. Animals allowed to survive for 45 days 
showed chronic or healing arteritis at the sites of sensitisation. 
Localised medial dnmago underwent repair by tho proliferation of 
fibrous tissue cells. Tho intima became irregularly thickened with 
cellular connective tisane nnd new clastic fibres contributed greatly 
to localised intimal thickening. Often tho internal elastio lamina 
appeared to ho disrupted and fragmented, leaving strips of mombrane 
with wavy contours. No cellular activity could be associated with 
this chango. Tho adventitia was also thickened in places because of 
fibrosis. In this way quite pronounced localised arteriosclerosis could 
be induced which led to diminution in size of tho lumen and was 
associated, from timo to time, with organising thrombosis. 

3. Control reactions. In the control animals no significant changes 
wero found either in the intima or in tho media, but a slight or moderate 
degree of leucocytic infiltration was constant in the adventitia and 
perivascular tissues during tlio first few days after injection of horse 
serum. Later, mononuclear cells and fibroblasts appeared and gave 
place to alight fibrosis within 15 days. This reaction was obviously 
identical with tho first typo of responso met with in sensitised animals. 

Sections from hoart, lung, kidney, livor, spleen, ascending aorta 
and mesenteric artery gavo no evidence of arteritis despite the fact 
that the animals wero sensitised under conditions which have led to 
arterial lesions in such sites (Rich and Gregory, 1943; More and 
McLean, 1949). 


Discussion 

These experiments show that arteries can bo sensitised to a foreign 
protein and that a series of acute reactions can be so induced which 
pass on to thickening of the affeoted arterial segment from fibrosis 
and elastosis. Such changes resemble very closely those which have 
been established in conditions of hypersensitivity in man and by less 
certain experimental methods in animals. 

A critical survey of tho already vast literature on hypersensitivity 
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(see, for instance, the valuable reviews by Klinge, 1929-30, 1930; 
Rossle, 1932, 1933 ; Apitz, 1933 ; Pagel, 1939 ; Rich, 1942 ; Teilum, 
1945-46 and Bergstrand, 1946, 1950), leads to the rather astonishing 
conclusion that acceptable observations on blood-vessel changes in 
sensitised human beings are far from common. The most satisfactory 
of these are worthy of consideration. Clark and Kaplan (1937) recorded 
interesting arterial lesions in two patients dying from serum sickness 
shortly after the injection of horse serum. These included fibrinoid 
swelling of the wall, sometimes frank necrosis, infiltration of some 
or all of the coats with mononuclear cells and eosinophilic leucocytes, 
proliferation of the lining endothelium and the development of peri¬ 
vascular granulomata. The association of periarteritis nodosa with 
hypersensitivity has often been claimed. Gruber (1925) may have 
been the first pathologist to suggest this relationship ; at any rate 
many others have followed suit, being influenced especially by the 
frequency of eosinophilic infiltration in the vascular lesions, a finding 
which is generally thought to be essential to hypersensitivity reactions. 
A number of workers, too, have reported cases of periarteritis nodosa 
associated with bronchial asthma. Kallos and Kallos-Deffner (1937) 
recorded 29 cases of asthma in which death took place during an attack. 
Histological studies showed definite periarteritis nodosa in one and 
lesions suggestive of periarteritis in another. Rackemann and Greene 
(1939) reported 8 cases in which asthma and periarteritis nodosa were 
coincidental. Among 229 instances of periarteritis collected from the 
literature were 19 in which the patient had suffered from asthma. 
Even more direct evidence is available. Eason and Carpenter (1937), 
for instance, described periarteritis in a case associated with serum 
sickness. The careful studies of Rich have aroused much interest 
in the correlation. Rich recorded 8 cases of hypersensitivity, shown 
by serum rashes, after the therapeutic injection of foreign serum, 
with or without sulphonamides. Recent periarteritis was foun 
in all. The evidence for a close association was especially goo in 
one instance, where tissue was examined before and after t e 
development of hypersensitivhy. Arterial lesions included fibrinoi 
necrosis of the media and perivascular infiltration with polymorp s 
and monocytes. Eosinophils were present in most cases. Eibroblas s 
were numerous in the affected arteries of a patient who lived or 
3 weeks after the appearance of urticaria. Rich showed that peri¬ 
arteritis could develop as soon as 5 days after the onset of yp er ' 
sensitive reactions. . . , 

There is no need to recapitulate the story about sulphonamides 
as sensitising agents for man since the investigations of Lederer an 
Rosenblatt (1942), Merkel and Crawford (1942), Rich ( 1942 ), Biack- 
Schaffer (1945), French (1946), Lichtenstein and Fox (1946), and 
More et al. (1946) have established their potency in producing ar eria 
lesions remarkably like those now well known in idiopat ic pen 
arteritis nodosa. 
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Fio. 3-—High-power view of port or fig. 2. Prolife rot ng in vi 'u 
imsturo of polymorphs and lymphooj fes forrn n folhcui v* ' m - 
E. Xi’oO. 



Flo 4 '—Femoral artery of sensitive! rabbit 7 elajs aper injection of scrum into 
adventitia. Two irregular patches of fibrinoid nro seen among degenerating cells 
in the mcelia and aelvcntitia Perivascular exudation and lntunal proliferation 

H nnd,E. *170. 



Fro. 5— Femoral artery of sensitised rabbit 45 days after injection of serum into 
adtentitm. Flastosis of intuna. Weigert’s elastica and neutral red. X 65. 
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AN ASCARIS LARVA IN THE BRAIN IN ASSOCIATION 
WITH ACUTE ANTERIOR POLIOMYELITIS 

W. Beatjtyman and A. L. Woole * 

From the Westminster Children's Hospital , Vincent Square , and the 
National Hospital for Nervous Diseases, Queen Square, London 

(Plates CVH-CXI) 

Since 1831, when Lepellctier reported fatal convulsions in two children 
with alimentary ascariasis, there have been numerous reports m the 
continental literature of round-worm infestation accompanied by 
varied and severe neurological symptoms. The relationship of the 
symptoms to the ascariasis, howover, remains obscure. The severity 
of cerebral ascariasis can bo inferred from Fernando and Balasingham’s 
recent (1943) report of fourteen cases suggesting encephalitis and one 
suggesting meningitis, in a series of 162 cases of acute ascariasis. 
Eight of these patients certainly died and three others were believed 
to have died at home. 

The clinical appearances of cerebral ascariasis are those of 
generalised or Jacksonian convulsions (Duprey, 1903 ; Sirom, 1921) 
or those suggestive of an acute inflammation of the brain or meninges 
(Taillens, 1906; Hughes, 1920; Turcan, 1922; Lafforgue, 1923 ; 
Abel and Brenas, 1926; Renaud, 1929, Schachter, 1934 ; HautefeuilJe, 
1936 ; Peney, 1940). Changes m the cerebro-spinal fluid suggestive 
of these more familiar neurological diseases have been encountered 
several times. 

The unique features of the case reported here are that an en¬ 
capsulated larva was found in the brain and that the neurological 
symptoms were largely due to a second disease agent, the virus of 
poliomyelitis. 

Clinical history 

The patient, a girl aged 6, was admitted to the Westminster Children’s 
Hospital, under the care of Dr N. O. Richards on 29th December 1949. She 
had been vaccinated when aged a few weeks and immunised against diphtheria 
at the ago of 12 months. She had measles in March 1948 and a tonsillectomy 
in March 1949. She had had a dry cough in the winter since the first year of 
life. The patient did not mix much with other children, but was always playing 
with cats and dogs and was in the habit of sucking her thumb. She was an 
excitable child, often feverish before parties and had talked in her sleep ever since 
she went to school. For the last six months she had ground her teeth at night. 

* In receipt of a grant from the Institute of Neurology 
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Neither the patient nor any member of the family had ever been known to 
suffer from worms. On 24th December 1949 she complained of a sore throat. 
•On the following day she was flushed, listless, constipated and vomited several 
times. On 26th December she complained of pain in the back of her neck and 
'Continued to vomit. By the evening of 28th December she was delirious, 
“ rolling her eyes and baring her teeth like an animal On admission she was 
.a febrile (temperature 102° F., pulse 140 per min.), flushed, drowsy, well- 
nourished child showing frequent convulsive movements of the arms and legs 
and occasionally crying out. She had a vacant stare but could be made to 
answer questions. There was pallor of the mucous membranes; the mouth 
was dry, the tongue coated, the throat inflamed and the pharynx contained a 
large quantity of green mucus, some of which was vomited from time to time. 
The left ear drum was normal, the right was dull and pink in its upper part. 
There was a slight nasal discharge and some crusting around the nostrils. The 
respiratory and cardio-vascular systems were normal. Nothing abnormal was 
found on abdominal examination. The pupils reacted briskly to light and 
there was no nystagmus. The fimdi were normal. There was neck stiffness 
.and slight head retraction. Kemig’s sign was positive. The tendon reflexes 
were present but diminished in the arms and brisk in the legs. The abdominal 
reflexes were present but the plantar responses were extensor. There was no 
loss of power in the limbs. 

Lumbar puncture yielded a slightly turbid' fluid which was not under 
increased pressure. Examination of the fluid showed neutrophil polymorphs 
85 per c.mm.; lymphocytes 73 per c.mm.; R.B.C. 485 per c.mm.; protein 
32 mg./lOO ml.; Pandy test negative ; Nonne Apelt test negative ; chlorides 
730 mg./lOO ml.; sugar 50-90 mg./lOO ml.; no organisms seen in Gram 
film; no acid- and alcohol-fast bacilli seen in Z.N. films; culture yielded no 
growth. 

The patient was given 10,000 units of penicillin intrathecally, intramuscular 
penicillin and oral sulpliamezathine. The convulsive movements continued. 
She was incontinent and during the night suddenly collapsed and died. Stools 
from the parents and a surviving sister were examined for ova by direct smear 
and concentration methods, but none was found. 


Post-mortem examination 

The body was that of a well-nourished female child. The pupils 
were central, circular and equal. There was no cyanosis. There were 
a few petechias around the neck. Several lymph nodes were palpable 
along the anterior border of the right sterno-mastoid. No other nodes 
were palpable. 

Adenoid tissue around the naso-pharynx was prominent. The 
naso-pharynx contained a little frothy mucus. The trachea and 
main bronchi were slightly inflamed and contained some inhaled 
gastric contents. The lungs were normal. 

The blood vessels over the surface of the brain and cord were 
somewhat congested; the meninges were otherwise normal. The 
cut surface of the brain showed no abnormality to the naked eye, 
except in the medulla where there were a number of small hemorrhages 
in the floor of the fourth ventricle. 

The stomach contained the sulpliamezathine given before death. 
There were no other abnormalities and no worms were found in the 
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fin 4—Snmo section ns fig 3 showing tho largest ginnt cell 
H'cmntowlin nntl \nn G»eson X OOo 



Fia 5 -—Tho larva in. the centre of the granuloma 
Hematoxylin and. \ an Gieson x 605 
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■gut. Apart from slight dilatation of both ventricles, tho hoart was 
■normal. Tho Malpighian bodies of tho sploon were prominent and 
there wore a few modorately enlarged fleshy lymph nodos at tho 
bifurcation of the trachea and in the mesentery. Tho urogenital 
system, liver, gall-bladder, pancreas, and adrenals woro normal. 

Histology 

Tho liver, kidneys, heart and lungs woro normal. After the larva 
wns found in tho brain tho small pieces of liver, kidney and lung 
which had been preserved woro serinlly sectioned, but no evidence 
of larval passage was found. 

Blocks wero taken from tho 1st lumbar, 8th thoracic and 4th 
•cervical segments of tho spinal cord, from the pons, from the mid¬ 
brain, left thalnmus and hippocampus at tho lovol of tho optic tract, 
from tho loft ‘occipital lobo, from tho loft pro- and post-contral gyri 
and from tho cerebellum. Frozen sections from each of those blocks 
wero stained with Scharlnch R and tho remainder of tho tissue 
■embedded in celloidin, Celloidin sections from each block woro stained 
withthionin, Mallory’s phosphotungstic acid-hiematoxylin, van Gieson, 
and Loyez’ stain for myelin. Sections woro also impregnated by tho 
Gros-Biolschowsky method for axis cylinders. Thirty sections in 
scries through tho thalamus and passing from ono side to tho other 
of tho granuloma reported bolow, wore stained sovorally by Loishman, 
Vcrhoeff’s method for clastic tissue and Heidenhain’s azan stain, as 
well ns by tho nbovo methods. Ono Bection was impregnated by 
Gordon and Swcet'6 technique for roticulin. In a search for larvas, 
twenty-two sections through tho 4th cervical segment of tho spinal 
■cord stained with thionin or Loishman, wero oxnminod. 

There appear to bo threo quite distinct typos of lesion in the nervous 
system. These comprise :— 

(1) A granuloma situated in the nucleus vcntrnlis lateralis of 

tho left thalnmus and containing in its centre an ascaris 

larva. 

(2) Feri-arteriolar hemorrhages and other “ non-inflnmmatory ” 

vascular changes, 

(3) A polio-enceplialomyelitis mostly remote from losions (1) 

and (2). 

(1) The granuloma in the nucleus ventralis lateralis of the 
left thalamus 

A granuloma (fig. 1) is present in this nucleus, immediately ventral 
•to and nestling in the concavity formed by the fibres of the anterior 
-thalamic projection and the internal medullary lamina. Tho granuloma 
measures 0-4 xO-o mm. in the coronal plane and the antero-posterior 
■diameter is estimated from sections as 0-36 mm. It is surrounded 
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by a zone of pallor (fig. 2) in Loyez 5 preparations. Centrally there is 
a dense shell made up of thick collagenous fibres among which are a 
few irregularly-shaped hyperckromatic fibroblast nuclei. This shell 
is surrounded by a delicate tracery of collagenous fibres in the inter¬ 
stices of which are fibroblasts, plasma cells and lymphocytes. 
Impregnation of the reticulin fails to reveal any reticulin fibres beyond 
the collagenous mesh. Outside this loose collagenous layer are densely 
packed lymphocytes and plasma cells, surrounded in turn by less 
frequent plasma cells and proliferating microglia and astrocytes, the 
latter forming only a few fresh fibres. There is also new formation of 
capillaries. In azan preparations the extreme periphery of the 
granuloma is evident macroscopically by reason of its more intense 
staining with the-anilin blue. The myelin sheaths in the vicinity 
of the granuloma appear to have been pushed aside, so producing the 
clear halo seen in the Loyez 5 preparation. A few sheaths show slight 
beading ; their axis cylinders appear normal. The concentric zones 
making up the outer part of the granuloma are not quite symmetrical, 
the cellular zone being wider posteriorly. The dense collagenous 
shell encloses a dumb-bell-shaped cavity (fig. 3) containing in one 
chamber a giant cell with four nuclei of moderate chromatin content. 
The other chamber contains the larva. Medial to the parasite is an 
elongated giant cell (fig. 6, arrow) measuring more than 120 p in 
length but only 12 p in breadth. On the ventral border of the 
collagenous shell is a third, triangular giant cell (fig. 4) measuring 
105x95x55 p and containing large numbers of irregularly shaped 
hyperchromatic nuclei arranged in a central cluster as well as forming 
a peripheral border to the cell. It is probable that the last two giant 
cells are continuous with one another so as to surround the larva 
for a quarter of a circle, though separated from it to a large extent 
by the ingrowth of the collagenous shell which produces the isthmus 
of the dumb-bell. 

Description of the parasite by Professor J. J. C. Buckley, D.Sc. 
of the London School of Hygiene and Tropical Medicine. 

“ The parasite in the brain section (figs. 5 and 6) is a larval nematode 
which is complete except for a small portion of the posterior extremity 
which has been removed in sectioning. Measured in one plane it is 
295 p long but owing to curvature in the third dimension this is an 
underestimate and it may be taken to be about 310 p. The missing 
tail portion would make the total length about 330-350 p long. Its 
breadth is 15 to 20 p. The muscular oesophagus is 95 p long by 
7 p in breadth, expanding to a posterior swelling of 10 p in breadth. 
This type of oesophagus and the small dimensions exclude the possibility 
of the larva being that of Trichinella ■ spiralis and all the evidence points 
to its being a migrating larva of Ascaris lumbricoides, but the possibility 
that it might be the larva of an ascarid from a dog or cat cannot be 
entirely excluded. According to the dimensions given by Ransom 
and Cram (1920-21) of ascaris larvae recovered from various organs in 
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experimental animals at varying intervals after infection, the age 
of tlio larva in tho brain may bo anything from 3 to 7 clays old. In 
this abnormal habitat it is possiblo, however, that development may 
liavo been arrested and that tho dimensions are not a truo indication 
of tho ago,” 

(2) The “ non-injlammatory ” vascular changes 
Tiiese aro present most strikingly in tho white matter of the gyrus 
ocoipito-temporalis lateralis, but also in tho putamen, the grey matter 
of tho uncus, tho gyrus dentatus, tho internal medullary lamina of the 
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thalamus, the nuclei ventralis lateralis and antero-venfcralis and the 
anterior thalamic projection, the tail of the caudate nucleus, the 
cortex of the pre- and post-central gyri and that on either side of the 
calcarine fissure, the cortex of the cerebellum, the pons, notably 
in the region of the descending root of the trigeminal nerve, and in 
the floor of the fourth ventricle and the cervical region of the spinal 
cord. However, the last two sites are so heavily infiltrated with 
inflammatory cells that it is not possible to exclude the polio-encephalo¬ 
myelitis as the cause of the vascular lesions in these particular areas. 

The lesions mainly affect small arteries and arterioles and consist 
of intravascular clotting, extravasation of all or some of the constituents 
of the blood and secondary changes in the surrounding tissues. The 
thrombi are fresh and frequently occupy only the parietal part of the 
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vessel lumen. Delicate fibrin threads frequently extend across the 
Virchow-Robin space into the brain parenchyma. More extensive fibrin 
exudate surrounds a thrombosed pial vessel in the cerebellum (fig. 7). 
Larger vessels often display an exudate of homogeneous material 
into a greatly distended extra-adventitial (His 5 ) space (fig. 8). This 
material stains pale pink with phosphotungstic acid-haematoxylin, 
orange with van Gieson’s stain, green with Masson’s stain and blue 
with Heidenhain’s azan stain. It is often present in globular form 
(fig. 9) when it must be distinguished from the globules derived from 
the occasional degenerated myelin sheath, which, however, stain 
darkly in the Loyez’ method (fig. 10, arrow). Gros-Bielschowsky 
preparations show no change in the axis cylinders near the vessels. 
Several vessels show striking perivascular haemorrhages almost entirely- 
confined to the perivascular space and following the course of the 
vessel for a considerable distance (fig. 11). Such vessels are frequently 
the site of intravascular clotting and clotting is often seen also in the 
extravasated blood (fig. 12). The surrounding myelin sheaths frequently 
show vacuolation with an occasional karyorrhectic glial nucleus. In 
other vessels surrounded by extravasated blood the adventitial histio¬ 
cytes which are present in excess are pyknotic. Occasionally the 
formation of astrocytic fibres is increased near a vessel with a distended 
perivascular space but this is nowhere conspicuous. 

( 3 ) Non-supjmrativc polio-encephalomyelitis 

These inflammatory changes extend the whole length of the spinal 
cord, affect the dorsal part of the pons, the substantia nigra, the corpora 
mamillaria and, in a few sections only, the cerebral cortex in the 
depths of the fissure of Rolando. The changes are most marked in 
the cervical segments of the spinal cord. Here the lesions are almost 
confined to the grey matter which is severely affected. While about 
one-tim'd of the anterior horn cells appear healthy, many show 
eosinophilic degeneration (fig. 13), chromatolysis (fig. 14) or cytolysis. 
Comparatively few cells show any but the end stages of neuronophagia 
although a few show early invasion by microglia, some of which lie 
in digestion chambers. The end stages, by contrast, are prominent 
and represented by numerous nodules of microglia some of which 
are visible with the naked eye. The posterior horns axe more diffusely 
infiltrated with microglia and a few plasma cells. The bases of the 
posterior horns show perivascular haemorrhages and, in one section, 
a triangular area 0-3 xO-15 mm. of homogeneous material has-resulted 
from the transudation of plasma into necrotic tissue. The white 
matter of the cord is oedematous. Almost all vessels show conspicuous 
lymphocytic cuffing. The anterior median fissure contains a moderately 
severe meningeal exudate consisting mainly of lymphocytes but also 
including many hydropic plasma cells and histiocytes, and an occasional 
eosinophil cell. 
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hemorrhages only occur after the intravenous injection of living 
strongyloides larvae. Yokogawa (1923) saw as many as ten larvae 
in the cerebral ventricles in one section and suggests that the larvae 
may reach the venous circulation by active movement through the 
brain and into the veins of the choroid plexus. 

The effects of the larvse on the brain are limited by the paucity of 
reaction on the part of nervous as opposed to other tissues (Hoppli, 
1923, 1927; Yokogawa, 1923). Greenfield and Pritchard (1937), 
however, in a report on two cases of cerebral schistosomiasis, state 
that the necrotic tissue containing the eggs was surrounded by fibro¬ 
blastic and endothelial cells, which separated it from a wall of 
collagenous fibres and inflammatory cells. A few multinucleated giant 
cells were seen in the fibroblastic layer and occasionally partially 
enveloped an ovum. Perivascular haemorrhages are the most constant 
evidence of migrating larvae (Yokogawa) and are characteristically 
confined to the perivascular (His’) space. Where larvae are halted 
in the brain substance, very little reaction occurs. Hoppli (1923) 
saw no reaction around belascaris larvae in the brains of guinea-pigs 
six weeks after the latter had been fed with ripe eggs but Yokogawa 
and Yamaguehi (1925) saw foci of softening with infiltration by a 
few eosinophils. Yamaguehi was unable to relate these foci to larvae 
lying free in the brain tissue. 

Prom the extensive experimental studies of Fiilleborn (1927) and 
Hoppli (1923, 1927) much is known of the more striking reactions 
of other tissues to the presence of larvae. Small cellular infiltrations 
are present in the liver a few hours after feeding a guinea-pig with 
ascaris larvae (Hoppli, 1927) and irregular circular and band-like 
infiltrations of polymorphs and eosinophils with preservation of the 
reticulin net were observed by Hoppli (1923) five days after infection. 
He similarly noted small necroses in the liver with infiltration by 
leucocytes and epithelioid cells eight days after feeding a guinea-pig 
with belascaris larvae. At three weeks the liver was studded with 
connective tissue nodules resembling foreign-body tubercles and 
showing epithelioid cells, polymorphonuclear leucocytes and mono¬ 
nuclear cells with the larvae in the centre of the nodule in a loose 
network of collagen fibres. Similar but thicker fibres formed a 
peripheral ring, outside which there was a loose connective tissue 
meshwork infiltrated with polymorphonuclear leucocytes. Hoppli 
later (1927) pointed out that the infiltration may so soften a tissue as 
to permit of wandering of larvae previously impossible. 

Prom Professor Buckley’s report, it can be seen that the encap¬ 
sulated nematode in the thalamus of our case is a larval ascarid, in 
all probability Ascaris lumbricoides. Prom its size it would appear 
to be at least five days old; however, Fullebom (1920) states that 
strongyloides larvae can five a long time within foreign-body tubercle¬ 
like structures without increasing in size. Capsule formation is at the 
stage attained in other tissues within three weeks. It is unfortunate. 
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howovcr, that no information is available about tho maximum survival 
period of living larva; in tho tissues of experimental animals. 

Tho exact routo by which tho larva; reached the thalamus cannot be 
•determined, but thero can bo no reasonable doubt that it was by tho 
arterial blood. It had nover seomed likely that spontaneous human 
ascaris infection could reproduce the results of massivo feeding of 
eggs or intra-carotid injection of larva; into animals (Fulleborn, 1921a), 
although infection of tho human nervous systom by another nematode, 
Trichinella spiralis, has been reported (Frothingham, 190G ; Has;sin 
and Diamond, 1920 ; Most and .Aboles, 1937). 

The marked encapsulation of tho parasite in our patient is at 
variance with tho findings in tho animal oxporiments, but resembles 
that found by Bunzl around the nematodes in the mole brain and 
in Greenfield and Pritchard’s cases of cerebral schistosomiasis. The 
absence of neutrophil and eosinophil leucocytes indicates tho chronic 
non-progressivo stato of tho granuloma which is further suggested by 
the donso collagenous core, tho absenco of young roticulin fibres at 
the periphery and the prominenco of plasma cells. The paucity of 
fresh glial fibres in tho surrounding tissues testifies to the effective 
soaling off of toxic products, if such there be. Large multinucleated 
giant cells have been reported bofore both in association with larvse 
(Ldpcz-Neyra, 1948) and around ova (Yamauchi, 1923-24). 

The perivascular luemorrhages are present in areas remote from 
tho inflammatory lesions and in places favoured in experimental 
animals, e.tf. surface of cerebellum. They were frequently confined 
to tho perivascular space (His’) which they often filled for a considerable 
distance, sometimes oxtending into the adjacent tissues. Clotting 
occurred both in the extravasated blood and within the vessel so as 
to line the lumen. This parietal location of fibrin suggests that 
circulation was in progress at the time of clotting. While these 
appearances and possibly tho presence of the red blood cells in the 
cerobro-spinal fluid during lifo, indicate ante-mortem h£emorrhage ) 
the latter clearly occurred after the arrival of the larva in its 
final location and was presumably due to a later migration of 
parasites. 

The distension of the perivascular space by globidar and foamy- 
looking, serous material is possibly related to a derangement of the 
cerebral circulation consequent upon embolic occlusion by larvae. 

Tho non-suppurative encephalomyelitis lesions follow closely the 
pattern of acute anterior poliomyelitis. The distribution of the lesions, 
including involvement of the brain stem, substantia nigra and motor 
cortex, is characteristic; the restriction of severe changes to the 
nerve cells, the total destruction of some neurones whilo adjacent 
ones remain normal or only mildly affected, the synchronous progression 
of neuronophagia of the fatally affected cells, the interstitial microglial 
and paravascular nodules and the perivascular and meningeal exudates 
are all highly typical of poliomyelitis and cannot be referred to any 
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other disease process. While it is true that in cerebral tric hin osis, 
microglial nodules may be disseminated throughout the central 
nervous system (Hassin and Diamond), in such cases the brain and 
spinal cord appear to have been invaded by numerous larvae. Taken 
individually many of the changes seen in the nervous system resemble 
those described by Rachmanow (1914) in guinea-pigs receiving 
injections of perienteric fluid of ascaris, but the pattern and distribution 
of the lesions taken as a whole make poliomyelitis a much more 
attractive diagnosis. 

Thus it seems likely that this child suffered a clinically silent or 
at least undetected migration of ascaris larvae through the cerebral 
vessels which continued until death. Only one or at most a few 
larvae penetrated the brain and the only one seen was rendered 
harmless by efficient encapsulation and gave rise to no local symptoms. 
Superimposed upon this larval migration there was almost certainly 
an infection with a poliomyelitis virus of sufficient severity to cause 
death. 


(b) Relationship of larval migration to genesis of 
poliomyelitis 

Shope (1941ra) demonstrated that both the swine-influenza virus 
and the Haemophilus influenzae suis are necessary for the production 
of swine influenza, the virus alone causing much milder respiratory 
infection known as “ filtrate disease ”. Swine may be infested with 
lungworms which carry the virus of swine influenza in a masked form 
(Shope, 19416). Under these conditions there is no disease unless 
some outside stimulus is applied. The natural stimulus appears to 
be a seasonal change in climatic conditions (Shope, 19436) but Shope 
regularly produced swine influenza in these animals by repeated 
intramuscular injections of living cultures of H&mophilus injluenzce 
suis, while the injection of lolled cultures resulted in “ filtrate disease . 
Shope considered this stimulus to be quite non-specific and possibly 
an allergic or sensitisation phenomenon. The only other method 
which was markedly effective was the feeding of swine ascaris eggs 
(Shope, 1943a) ; the resulting migration of ascaris larvae was 
followed by “filtrate disease” in 16 per cent, of cases. Thus there 
is a precedent for facilitation of a virus infection by migration of 
ascaris larvae. 

In recent years there has accumulated an impressive body of 
clinical evidence suggesting that resistance to poliomyelitis infection 
is lowered by certain traumatic and immunising procedures. Such 
evidence has been fully reviewed by findlay and Howard (1950) 
who also showed that such a phenomenon can be demonstrated 
experimentally in mice infected intra-cerebrally with the Lansing 
poliomyelitis virus. In the present case the migration of ascaris 
larvae may have facilitated poliomyelitis infection by inducing an 
immune reaction, as suggested by Shope in “ filtrate disease , or by 
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Fig. 10.—Globus pallulus showing rio. 11.—Hippocampal gyrus showing peri- 

globular fragments (arrow) of myelin vascular “sheath haemorrhage ” with mtra- 

shenth3 free in perivascular space. vascular parietal clotting. Phosphotungstic 

Lojez’myelin stain. X 300. acid-Vucmatoxylin. x 275. 



Fig. 12.—Same section ns fig. 11 showing disruption of nervous tissue by hemorrhage 
and clotting of extravnscular blood. Phosphotimgstic acid-hajmatoxjbn. x 18S. 
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a non-specific traumatic effect, ns described by Findlay and Howard, 
mochanical damage boing inflicted upon tbo respiratory and alimontary 
systems by tiie migration. Additional evidence for the operation 
of a traumatic effect in our caso is the heavy incidenco of the in¬ 
flammation upon tho brain stom and cervical cord. 

Although tho virus of lymphocytic choriomoningitis may be 
carried into tho central nervous system by Trichinclla spiralis (Syverton 
c( at., 1947), a similar mechanism appears loss likely in our caso as there 
are no poliomyolitis lesions near the encapsulated larva or in the 
regions through which tho lame appear to havo passed. 

Tho idea that nscariasis may predispose to poliomyelitis is not 
now, having been suggested by Martini (1937) who had noted that 
children with infantile paralysis seemed to harbour round worms 
more frequently than did other children. 


(c) Cause oj neurological symptoms in ascariasis 

As stated in tho introduction, neurological symptoms in ascariasis 
are protean and more than ono mode of production may be envisaged. 
Whilo, as seoms lilcoly in our caso.somo neurological illnesses in patients 
with ascariasis are independent diseases, the dramatic rocovory which 
sometimes follows tho expulsion of tho adult worms is not explained. 
Tho idea that irritation of tho intestines by adult ascarids can have 
a reflex effect upon the central nervous system (Kuchonmoister and 
Ziim, 1881 ; Schaehtor, 1934) does not explain the changes in the 
corobrospinal fluid. Numerous experiments reviewed by Girges (1934) 
demonstrating the toxicity of extracts from round worms, injected 
parenterally, havo been performed, notably by Brinda (1914), hut 
there is no convincing clinical or experimental evidence that adult 
worms exert a toxic offect in areas remote from the alimontary tract 
of tho host. Attempts to demonstrate toxins in the cerebrospinal 
fluid of patients with " vorminous meningitis ” have not been successful 
oven when tho fluid showod an increased protein content and pleocytosis 
(Abel and Bronas, 1925 ; Dutroy and Velluz, 1939). On the other 
hand sensitisation, as exemplified by a reaction to intra-dermal 
injection of ascaris oxtraots, is not infrequent in patients with chronic 
ascariasis who may have urticaria and eczema, which sometimes 
disappear after evacuation of worms from tho intestine. 

The effects of migration of larvce through the vessels of the central 
nervous system do not appear to have been seriously considered, 
partly because larvae have not previously been seen in tho human 
brain and partly because larval development only follows the ingestion 
of ripe ova and would hardly be affected by the expulsion of adult 
worms, an event so often followed by rapid recovery. It is possiblo, 
however, that larval migration is responsible for occasional cases of 
focal or generalised epilepsy. 
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Summary 

1. An encapsulated ascarid larva was found in the thalamus of a 
child who died with clinical and morbid anatomical evidence of 
poliomyelitis. 

2. There was histological evidence of migration of larvse through 
the cerebral vessels. 

3. The poliomyelitis principally affected the cervical segments of 
the spinal cord and the nuclei of the brain stem. 

4. The manifestations of larval migration of ascaris through the 
brains of animals, the possible relationship between the larval mi gration 
and the development of poliomyelitis and the cause of neurological 
symptoms in ascariasis are discussed. 

Our thanks are due to Dr J. G. Greenfield for his help and advice in preparing 
the paper and to Dr N. O. Richards for her kindness in allowing us to use the 
clinical notes. 
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INTERACTIONS BETWEEN ENVIRONMENT AND 
DIET IN THE PRODUCTION OF ACUTE LIVER 
NECROSIS IN THE RAT 

J. II. Naitahn 

Rowctt Research Institute, Aberdeen 

(Plate CXII) 

Two papers on the ofTeot of environment on liver necrosis form a 
background to this work. In tho first Nnftalm and Howie (1949) 
dcscribo nutmeg liver with centrilobular nocrosis proceeding to central 
and periportal cirrhosis in suckling and weanling pigs reared in a 
cold and damp environment. This lesion differs from the dietetic 
necrosis described by GyOrgy and Goldblatt (1030) and Glynn and 
Himsworth (1944) and from that described by Gillman et al. (1045) 
in young rats given maize meal porridge and sour milk. Naftalin and 
Howio suggest that a vascular disturbance arising cither within the 
liver itself or in tbo general venous system might bo tho cause of the 
pig lesion. Tho second paper is that of Rao (194S). Working in 
Bombay and using tho methods of Himsworth and Glynn (1944-45), 
ho failed to produco acuto dietetic necrosis and suggested that England’s 
coldor climate, particularly in winter, might bo a determining factor. 

Tho manner of feeding tho animals also warrants investigation, Weichscl- 
baum (1935) studied tho effect of Sherman and Morrill’s (1925) cystine-deficient 
diet on 8-10-wcek-old rats weighing 50-65 g. In these experiments, except 
during tho first few days when food was supplied in excess, Weicliselbaum 
gave 8 g. to each rat per day, this being (p. 364) “ near tho maximum of any one 
rat ” and “ regularly consumed excopt by ono animalWeichselbaum con¬ 
sidered that tho food intake of his rats, which were caged separately, vvas 
restricted. He abandoned his experiments because of the high mortality 
associated with 11 haemorrhages ” in tho liver after the sixth weolc. Tho ration 
given by Himsworth and Glynn, irrespective of tho composition of their different 
diets, was also 8 g. per day per rat of 120-150 g. It will be seen from their 
tables I, II and TV (pp. 102, 104 and 108) that the average food intake per rat 
per day was between 4*23 g. and 8 g., depending on the composition of tho diet. 
In only 2 diets of tho 23 tested were the 8 g. eaten entirely. Himsworth and 
Glynn caged their rats in groups of 10, a method of management which makes 
it impossible to find out tho exact amount of food eaten by an individual 
animal. Nevertheless Himsworth and Glynn strossed tho importance of the 
exact amount of casein consumed, stating that necrosis developed only when 
a rat ate between 500 and 200 mg. of casein per day. They suggested (p. 103) 
that “ smaller rats were jostled away from the feeding bowl by tho bigger 
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animals and consequently may have obtained less food ” and thus might not 
always have been allowed to consume the protective amount of casein, i.e. 
more than 500 mg. a day. Such uncertainties about diet restriction induced 
me to investigate the effect on the incidence of liver necrosis of giving different 
amounts of the same diet and so providing a range of protein intake wider than 
the limits which Himsworth and Glynn considered necessary to produce the 
disease. 


Plan of experiments 

In planning the present experiments attention was paid to the 
diet in the pre-experimental stage. Schwarz (1944) and Gyorgy 
(1947) independently recognised the part played by vitamin E in 
diets designed to produce liver necrosis. Gyorgy and Goldblatt 

Table 1 


Management of experimental animals, including procedure for rearing 
rats before experimental low-casein diets were given 



Experiment 1 

Experiment 2 (Nov. 

Experiment; 3 


(March-May 1940) 

1949-Fcby. 1950) 

(Feby.-Hay 1950) 

Mothers’ diet . 

Rowett Institute 

Rowott Institute 

Rowett Institute 


stock rat cubes 

stock rat cubes 

stock rat cubes 


-}-milk-f green 

-f milk till 18 

-J-milk till 18 


food till 16 days 

days post-partum 

days post-partum 


post-partum 


2nd from mothers 

Litter .... 

1st 

1st 



used in expt. 2 

Preliminary high-protein 

No. 51 

No. 82 

No. 51 

diet 

(16 per cent. 

(19 per cent. 



casein 

casein 



3 per cent, yeast) 

3 per cent, yeast) 

18 

Age of young (days) when 

16 

18 

preliminary high-protein 
diet was first offered 



24 

Age of young (days) at 

24 

24 

weaning 

* Weaning weight (g.) 

32-7 

36-2 

42-0 

Low-protein diet 

No. 47 

No. 47 

SSO. 47 

(8 per cent, cas ein 
3 per cent, yeast) 

34 

38 


Age of young (days) when 

36-40 

low-protein diet was first 




given 

Duration of experiment (i.e. 

53 

69-71 

70 

no. of days from giving 
low-protein diet to killing 




survivors) 





In experiment 1. Control rats were given stock diet at 33-37 days of age. 

In experiment 2. Control rats were given stock diet at 24 days of age (weaning). 
In experiment 3. Control rats given stock diet were not included. 


* Standard deviation of weaning weights = ±12 g. based on 158 degrees of freedom. 


(1949) suggested that the inclusion of unsaturated fat was an additiona 
predisposing factor. Himsworth and Lindan (1949, p. 30), discussing 
the failure of some workers to produce the disease, stated that t e 
lesion could be produced only when the diet was deficient bot m 
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cystrno and vitamin E, and that the explanation of tho latent period, 
i e tho period botw een first giving tho deficient diet and the onset 
of the disease, might he that tho animal body “ held tenaciously to its 
tocophorol stores ” To ensure that tho animals w ould have low 
resenes of vitamin E, vennhng rats wore reared and used m three 
experiments as shown in tahlo I In order to study the effects of the 
amount of protein eaten, uncomplicated by individual differences in 
carbohydrate digestibility, a quickly absorbable earbohy drate, sucrose, 
was chosen instead of maizo starch, as used by Himswortli and Glynn 
Three experiments were performed, tho first in March May 1949, 
tho second in Nor ember 1949 February 1950 and the third in February - 
May' 1950 Males only' V ore used because IVeiehsolbauin reported 
a much higher incidcnco of “ hiemorrhages ” in this sex The rats 
were albinos of tho YVistar Glaxo strain bred from a stock supplied 
by tho Agricultural Research Council’s Field Station, Compton, 
Newbury, Berkshire 

Table II 


Details of experimental environments 


Fn 

xiron 

ment 

no 

rxi eriraent 1 
(Starch May 1040) 

Experiment 2 
(Nov 1010 tcb> 10a0) 

Experiment 3 
(Feb> May 19o0) 

I 

Old animal house (brick 
building) 

Usual range G3 70° F 
Extreme range 67 80° F 
(Group3 A, B and C) * 

New animal house (msul 
ated building thermo 
statically controlled) 

Usual range 70 74° F 
Extreme range 54 74° F 
(Groups A B, C and D) 

Now animal houso (msul 
ated building, thermo 
statically controlled) 

Usual range 70 74° F 
Extreme range 70 74° F 
(Group A) 

2 

Rabbit hutcli facing 
north 

Usual range 40 60° F 

Extreme rango 34 65” F 

Animals protected from 
ram but exposed to 
wind from which they 
could Bhelter bj going 
to back of cage 
(Groups D, E and F) 

Unhcatod wooden shed 

Usual range 40 50° F 

Extreme range 28 58 0 F 

Temperature i aned nc 
cording to climatic con 
ditions Animals exposed 
to draughts 
(Groups E F and G) 

Heated wooden shed 

Usual range 00 05° F 
Extreme range 55 70° F 
(Groups B and E) 

3 



Unheated wooden shed as 
xn experiment 2 

Usual range 40 50° F 
Extreme range 26 68* F 
(Group C) 

4 



Rabbit hutch facing north 
as in experiment 1 

Usual range 35 45° F 
Extreme range 20 60° F 
(Group D) 


* For explanation of groups see tables VI \ III 


The nature of the environments is detailed in table II and under 
results ** Air temperatures were recorded continuously on 7 day 
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thermographs. Rats were weighed twice weekly throughout and at 
death, but growth curves are not given because they are not relevant 
to the questions discussed. Water was provided ad lib. Composition 
■of the diets is given in table III. The food intakes of selected rats 
were measured daily. 

Table in 


Percentage composition of diets used 


('onstituent 

Preliminary high- 
casein diet no. 51 

Experiments! iow- 
casein diet no. 47 

Preliminary high- 
casein diet no. 82 

Casein (vitamin-free : Glaxo) 

1C 

8 

19 

Yeast *..... 

3 

3 

3 

Lard ..... 

7 

7 

7 

Sucrose ..... 

68 

76 

Co 

McCollum’s salt mixture lS5-j-KIf 

4 

4 

4 

Cod-liver oil (B.P.) (c ,c.) 

2 

2 

2 


The following B vitamins (mg. per 100 g. diet) were added to all the above diets: 
aneurin 0-3, riboflavin 0-3, Ca pantothenate 2-0, pyridoxin 0-3, inositol 0-5, nicotinic 
acid 4-0. 

* Dried yeast powder (Fulv. saccharomycetis cerevisice exsicc.) The Phannaco-Chcmical Products 
ltd., London and Burton-on-Trent. 

t McCollum’s salt mixture 185 +0-221 g. K1 pci kilo salt. I, content of final diet 0-9 mg. pet 100 g. 


The food intakes for all three experiments are shown in tables IV 
and V and particular points are illustrated in figs. 6 and 7. It null 
be observed from tables II and IV that the food intake of rats fed 
ad lib. is related to the environmental temperature, and to the age 
of the rat. The relation of food intake to the incidence of liver necrosis 
is shown in table VI and is considered in the discussion. 

All rats were examined post mortem. In those which died with 
acute massive necrosis of the liver the organ was mottled with patches 
of dull grey and depressed red areas (figs. 1 and 2). Histologically, 
acute necrosis usually of the massive type was present (figs. 3 and 4). 
Haemorrhagic lesions were also found in the lungs, stomach and 
thymus of some animals. In rats which died without massive necrosis, 
the liver was dark red in colour and small in size. Testicular degenera¬ 
tion was found in every rat given the experimental diet. Degenerative 
changes were often seen in the renal tubules but these lesions bore 
no relation to the environment. 


Results 
Experiment 1 

Environments. Two environments were used : 
room was part of a non-insulated brick building 
high. It was heated by hot-water radiators and 
placed near the floor. Lighting was from ceiling 
hutch facing north. This was made of wood with a 
felt. It was divided into compartments 16x24 


, (1) Old animal house. This 
and measured 11X10 X14 ft. 
by electrical tubular heaters 
windows. (2) Outside rabbit 
roof covered with bituminised 
Xl9 in., into each of which 




Average food consumption (g /rat/daj) ^adlib /jrstric ted D 
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four cages could be pufc. The rats were thus protected from the rain, but exposed 
to the wind from which they could take shelter at the back of the cage. 

Methods. Forty-three male rats, first litters bom between 12th and 16th 
February 1949, from eleven mothers, were distributed by litter mates at random 
on 15th March, when 27-31 days old, into six groups. Three of these groups, 
labelled A, B, and C were kept in the heated animal house at 57-80° F. throughout 
the experiment. Six days later, i.e. from 21st March, they were put into individual 
cages containing wood wool. The cages measured 14x9x9 in. high and had 
a J-in. mesh floor. The animals thus had access to their faeces. 

On 15th March also, groups D, E, and F were acclimatised to outside 
temperatures of about 40° F. For this, each group was kept in one cage con¬ 
taining wood wool in an unheated brick building without windows or doors 
for six days, after which each animal was put into a separate cage with wood 
wool. Next day the wood wool was removed and the cages were transferred 
to the outside rabbit hutch where they remained until the end of the experiment 
on 16th May 1949, i.e. 53 days after the experimental diet was first given. 

The mothers received the modification of the Rowett Institute stock rat 
cube containing 14 per cent, dried whole milk (Sengupta and Howie, 1948-49), 
liquid fresh milk and unlimited green food during pregnancy and until the 
16th day post partum when diet 51 (containing 16 per cent, casein and 3 per cent, 
yeast) was substituted. The weanling rats of groups A, B, D, and E continued 
to eat this diet until 24th March 1949 (36-40 days of age) when the experimental 
low-casein diet 47 (8 per cent, casein and 3 per cent, yeast) was given. Groups A 
and D, which were allowed to eat to appetite, ate roughly 6-2 g. a day (table IV). 
Groups B and E were allowed at first 5 and 6 g. respectively per rat, once a 
day at 10 a.m. The amount given throughout the experiment was adjusted 
so that all of the animals in these groups always ate all of the food that was 
offered and yet continued to grow. The amounts given are shown in table V. 

Table V 


Food offered, to “ restricted ” groups 


Expt. 

Group 

Amount of food 
olfored (g. per rat 
per day) 

Amount eaten 

Kemarks 

1 

B 

5, 6, 4-4 
(see remarks) 

All food eaten except 
* towards the end of the 
experiment 

Amount of food offered 
was reduced when air 
temperatures rose 


E 

6, 7, 7 and 8 g. 
for 4 days. 9g. 

All food always eaten 

• •• 

2 

B 

subsequently 

3-8 then 3-6 

Food often not com¬ 
pletely eaten 

Bats not truly restricted 
even with this small 
amount of food. Some¬ 
times they ate only 
2-3 g. a day 


F 

7-9-5 

All food always eaten 
except by rat no. 24 

Bat no. 24 died from 
acute liver necrosis in 
25 days while eating in 
its last week an average 
of 7-0 g. per day, i.e. 74 
per cent, of the food 
offered 

3 

E 

4-0 

All food always eaten 



Group C, kept in the old animal house, and group F, kept in the rabbit hutch, 
served as controls; they were fed on Rowett institute stock rat cu es rom 
21st March (33-37 days old) and were caged individually. 




F:o 1 —Acuto liver necrosis Noto grey 
(necrotic) and dark areas Natural sizo 


Fio 2 —Normal rat liver Natural size 



Fla 3—Acute liver necrosis Noto absence of 
granulation of cytoplasm and presence of 
pyknotic nuclei Maximow s stain x 450 



Fia 4 —Normal rat liver Maximow s stai 
X 450 


a 
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Results. The incidence of deaths m experimental and control rats 
is shown in tables VI and VII icspectively and the percentage 

Table VI 


Incidence of deaths in experiments nos. 1 , 2 and 3 in rats 
ghen experimental diet 




Management 


No 

of rats 
tested 

No dead 
with acute 
missis e 
liver 
necrosis 


No dead 
without 
acute 
necrosis 
of liver 

Expt 

no 

Group* 

Homing 



sunhal 

time 

(days) 

1 

A 

Old nnimnl house 

47 

Ad lib. 

S 

7 

17 



B 

Rabbit hutch 

47 

Restricted 

0 

n 




D 

47 

Ad lib. 

8 

0 




E 


47 

Restricted 

9 

0 



2 

A 

Now animal house 

47 

Ad lib. 

9 

8 

43 

ni 


B 


47 

Restricted 

9 

8 

40 



C 

Unhealed wooden 
shod 

62 

Ad lib. 

6 

1 


0 


E 

47 

Ad lib. 

10 

3 


0 


r 

» 

47 

Restricted 

10 

1 


3 

3 

A 

Now nnimnl house 

47 

Ad Ub. 

12 

11 

19 

;WI 


B 

Heated wooden shed 

47 

Ad lib. 

12 

8 

26 

i§ 


c 

Unheated wooden 
shed 

47 

Ad lib. 

12 

0 


i 


D 

Rabbit hutch 

47 

Ad Ub 

12 

0 


i§ 


E 

Heated wooden shed 

47 

Restricted 

8 

0 


0 


• For groups C and F of experiment J nnd D and O of experiment 2, <ec table VII 
t Composition of diets In table III 

* This animal died 53 dajs after being flr*t ghen the experimental diet For 4 days before this rat 
died the temperature of the animal hou«e v.-a«. around 80® F 

5 Tlic two rats indicated were litter mates and wcrckllkd on the 16th and 21st days respectively of the 
experiment because of sc\erc otitis media 


Table VII 


Incidence of deaths in experiments nos. 1 and 2 in rats fed on 
stock rat cube diet ad lib. 


Expt no 

Group 

Housing 

No tested 

No died 

Remarks 

1 

C 

Old animal house . 

5 

0 



F 

Rabbit hutch 

4 

3 

No liver necrosis 

i) 

D 

New animal house . 

5 

0 



G 

Unhcated wooden shed 

10 

7 

No hver necrosis 


survival rate of rats in group A (diet 47 ad lib.) is shown in fig. 5. 
The lesults are discussed with those of experiment 2. 

Experiment 2 

Experiment 2 was begun in November 1949 when the new animal house at 
the Kowett Institute was nearly completed. Certain modifications from 
experiment 1 were introduced affecting (I) the environment, (2) the preliminary 
procedure, and {3) the method of randomisation and acclimatisation to the 
unheated environment. 
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1. Environments. The new animal house is an insulated building designed 
to maintain a temperature of 70-74° F. throughout the year. This was the 
heated environment and except on four occasions when the temporary electrical 
current failed the temperature remained between 70 and 74° F. The cold 
environment was an unheated wooden shed 10x15x14 ft. high, lit by two 
side windows 2 feet square and a window 3 X 2 J ft, over the door. The rats were 
placed in individual cages in two tiers in a rack down the middle of the room. 
They were thus protected from wind and rain but were exposed to draughts. 



Days 

Fig. 5.—Experiments 1, 2 and 3. Percentage of rats surviving on days after receiving 
experimental diet:— 


X-X : Experiment 1, group A, diet no. 47 ad lib. (8 rats). 

o -o: „ 2, „ A, „ 47 „ (9 rats) 

o-o: „ 2, „ B, „ 47 “ restricted ” (9 rats) 

„ 3, „ A, „ 47 ad lib. (12 rats) 

--. : „ 3, „ B, „ 47 „ (U rats) 


2. The preliminary procedure. The mean weaning weight of 43 male rats 
in experiment 1 was 32-7 g. compared with 43-8 g. for male albinos of the stock 
colony (table I). These means differ significantly (P === 0-01). On this account 
in experiment 2 the protein in the preliminary diet was increased to 19 per cen . 
casein plus 3 per cent, yeast (diet 82) and this diet was not substituted for 10 
stock diet till the 18th day post partum. In experiment 2 the mean weaning 
weight of 58 rats was 36-2 g., significantly greater than in experimen 
(P = 0-05). But it should be noted that in experiment 3 where diet 51 was 
again used in the preliminary period, the mean weaning weight of 56 ra s was 
42 g., significantly greater than' in experiment 2 and similar to t at o w 
stock rats. Without direct comparisons, it is difficult to state the cause o >(> 

differences in weaning weight. , _ ,, 

To offset the effects of better preliminary diet in experiment 2, the experi¬ 
mental diet was given when the rats were 34 days old, i.e. 2-6 days ear ter a 
in experiments 1 and 3. 
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used. On weaning, each rat was allocated to one of 7 groups (table VTTT). 
according to a scheme of random numbers drawn up from Fisher and Yates’s- 
table xxxiii (Fisher and Yates, 1948). Acclimatisation to the cold was carried 
out as follows : On the 28th day of life the rats allocated to the unheated wooden 
shed (groups E, F and G) were placed there during the day in group cages 
containing wood wool. At night (5 p.m. to 9 a.m.) they were returned to the 

Table VIII 


Groups in experiment no. 2 


1 

I 

> Group 

Em Ironment 

Preliminary 
(lid ml Iib from 
weaning to 
34tii day of age 

Experimental 
diet« hen 

34 dajs old 

1’eeiling of 
experimental 
diet 

A 

Animal house 

82 

47 

Ad lib. 

B 

n ... 

82 

47 

Restricted 

C 

» ... 

82 

82 

Ad lib. 

D 


Stock 

Stock 


E 

Unheated wooden shed . 

82 

47 


F 

If * 

82 

47 

Restricted 


J> » 

Stock 

Stock 

Ad lib. 


Rats distributed on weaning to groups by random numbers 
(Fisher and Yates’s table xxxiii) 


heated animal house. On its 31st day of life each rat was transferred to its own. 
cage and remained day and night in the unheated wooden shed. Wood wool 
was provided till the 36th day. On their 28th day of life the rats allocated to 
the heated animal house (groups A, B, C and D) were placed in individual cages 
with wood wool and remained thus caged till death or to the end of the experi¬ 
ment. Survivors were killed 69-71 days after the experimental diet was first 
given. 

The amounts of food allowed to the restricted groups are shown in table V. 
Often the rats in the heated animal house did not eat even this small amount 
(3-8 or 3-6 g. a day) and were, therefore, not truly restricted. 

Results. The incidence of deaths is shown in table VI and the 
percentage survival rate of the rats in group A (diet 47 ad lib.) and 
group B (diet 47 “restricted ”) in fig. 5. It will be noted that the 
results differ in three ways from those of experiment 1. 

(1) In the heated animal house at 70-74° B. the incidence of deaths 
and the median survival time were not different in the “ ad lib. 
and “ restricted ” groups. It was not realised until the experimental 
diet had been given for 4 weeks that 3-6-3-S g. of food per rat per 
day would not be an adequate restriction at this temperature. It was 
decided, however, not to interfere with the original plan. It may be 
worth noting that the one death in the comparable group in experi¬ 
ment 1 (group B, table VI) took place when the environmental 
temperature had risen to nearly 80° B. for 4 days. 

(2) The median survival time of the animals in the heated en\ iron- 
ment in experiment 2 was 43 days as compared with 1 / days in 
experiment 1. In the absence of a direct comparison of the two 
procedures using fitter mates under identical environmental conditions, 
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This latter group was placed in the environment of 60-65° F. which simulated 
the conditions at the beginning of experiment 1. 

The procedure, shown in table I, followed that used in experiment 1, with 
randomisation by litter mates. Acclimatisation to the cold environments was 
carried out as in experiment 2. Experimental diet 47 was commenced when 
the rats were 38 days old. Survivors were killed 70 days after the experimental 
diet was first given. 

Results. The results confirmed those of experiment 1. The 
incidence of deaths is shown in table VI and the percentage survival 
rates in fig. 5. The food consumption of selected animals is summarised 
in tables IV and V. 

Discussion 

From these results two conclusions may be drawn : (1) environment 
plays a definite part in determining the incidence of acute liver necrosis 
in rats given a low-protein, vitamin E-deficient diet, and (2) the 
method of feeding is important. 


Environment 

The most obvious difference between the environments was that 
of the air temperature. The effects of fresh air as compared with a 
static atmosphere, and of differences in humidity, barometric pressure 
and other variables were not determined in these experiments. 


In the old animal house in experiment I, the temperature fluctuated between 
57° and 80° F., being nearer 63° F. at the beginning of the experiment. In 
experiment 2 it was intended to hold the temperature of the new animal house 
steady at 70-74° F., but owing to failure in the temporary electrical supply 
this was not possible until the latter part of the course when the building was 
completed. The first three deaths of experiment 2 occurred in animals of 
different ages on the same night of 19th-20th December, when the temperature 
dropped suddenly from 74°F.-58°F. It became clear as this experiment 
progressed, and from experiment 3, that deaths occur regularly if a stea y an 
sufficiently high environmental temperature is maintained; but it is not ye 
certain whether a fluctuating temperature or a sudden drop in temperature 
may precipitate necrosis. Dent (1947, p. 316) also noted that some, of his ra s 
“ happened to die on the same day with acute necrosis of the liver a ter ley 
had been 118 days on the experimental diet but he does not comment on iis 
environmental conditions. The best environmental temperature for pro ucm 0 
the disease in my experiments was 70-74° F. though until further in onna ion 
is available about the effect of still higher temperatures this should not ne 


regarded as the optimum. 

The results of exposing rats to cold differ from those described by 
Naftalin and Howie for the pig. The pig’s fiver contains a large 
amount of smooth muscle in its hepatic venous tree (Nafta n an 
Howie), the muscle being present not only in the large radicles o ie 
hepatic vein but sometimes at the junction of the central and su - 
lobular veins. The rat’s fiver is devoid of such musculature, w nc l 
possibly plays a part in producing the centrilobular necrosis m pi 0 s 
exposed to cold and damp. Moreover the environmenta con i ion 
in Naftalin and Howie’s experiment with pigs were not tie same 
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day in the unheated environments was not attempted because it was realised 
that less food than this (i.e. a ratio of food intake “ ad lib."!' 1 restricted ” jgeater 
than 1 -3 to 1) at an environmental temperature of 40° F. or lower was insufficient 
to prevent the rats from dying suddenly without liver necrosis. It should be 
noted that rat 24 of group 2F (tables V and VI) died with liver necrosis at an 
environmental temperature of 52° F. when not eating all the food which it was 
offered, i.e. it was not “ restricted ", These studies indicate that a rat survives 
or dies of liver necrosis or of inanition according to interactions between the 


environment, the diet and the manner of feeding. 

While it may be argued that low environmental temperature may protect 
by increasing the food intake, reference to table IV and fig. 7 (experiment, 2) 
shows that rats 5 and 31, which died from acute necrosis, differed very little 
in their food consumption from rat 10 which survived the experiment. Ihe 
figures for rat 86 which was younger and therefore exposed to the cold environ¬ 
ment at a later date, are not directly comparable. Nevertheless for a smula 
period, i.e, the first 4 weeks of its life, its food consumption was not deferent 
These four rats had approximately the same weight. It docs not seem them 
that liver necrosis is prevented by a low environmental temperature solely 
because the low environmental temperature increases food rntake. Aga^, 
while low protein intake may be a conditioning factor, the fi 0 r 
available, while not sufficient to provide results that can be analysed statisticaUy, 
do not support the view that low voluntary food consumption per se is a cause 
of necrosis Thus, in experiment 2, rats 3, 35 and 37 

sumptions of 4-2 g., 3-9 g. and 3-6 g. per ay an s (table IV 

rat 7 with an average food consumption of 4-0 g. per y related 

and fig. 6). All four animals had a fluctuating rntake whichwas not reiatea 

to the environmental temperature. Fig. 6 ** *“*s died wladjjncre 

their food intake In experiment 3, group A rats 10 ^ neorosis , 

low voluntary food consumptions of 4-8 g., A 6 > g, and g neQrosis (table IV). 

while rat 127 with a food consumption of 5 1 g. did not b rats 107 , 

I» OT B of this oxpertomt a ** 

119 and 125, and rat 102. In experiment 3 ^ n “ t sufficient 

sumption was recorded. Thus observation o o 

to predict which rats will die of necrosis. cent . casein, 3 per cent. 

Furthermore, in experiment 2, group 0 (diet^82, ^ ^ 4gfch day of age 

yeast), one rat among 5 died from acute hv not raea sured, but as its 

(table VI). The food intake of this particular rat the oup> 0 ne may 

growth curve paralleled those of the oth ® r , °“ enfc- A]! this evidence would 
assume that its food consumption was no ra ther than in protein 

seem to point to a fundamental change micause of liver 
consumption or a simple protein or vitam 

necrosis. . d those of Hinasworth and 

Two differences between these experim Jn experiments were 

Glynn should be pointed out. First, the r experiment in their 5th or 

males weighing about 70 g. at the beginning of eit her sex and of 

6th week of life; those of Himsworth function of its body weight, 

120-150 g. in weight. As the food intake o ^ restr jcted ” group in a heated 
the largest amount, namely G g., offered to a . Qn if j had used heavier 

environment would have meant even grea It is unlikely, therefore, 

rats of the weights employed by Hhnsworth and uiy^ ^ resujts between 

if larger animals had been used in my es P b cen different. Secondly, 

“ restricted ” and “ ad lib.’ fed groups ag t j ic carbohydrate, while my 

Himsworth and Glynn used com (maize) starch are not nutritionally 

diets 51 and 47 contained sucrose S^eand^ , fc fa ^ possib]e to say 

equivalent but in the absence o influence the outcome, 

whether different carbohydrates would influence 
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Hypotheses 

Trora 1113 expci nncnts it is obvious that a simple explanation for 
the dietary cause of this disease is not 3 efc available The lesults 
show that cold and restriction arc somehow capable of protecting 
rats against acuto diotaiy necrosis pf the In or Unfortunately the 
mode of action cannot as jet be explained but some speculations 
may' be offered, especiallym the light of li 3 potlieses discussed by r 
Gydrgj, Rose, Tomarelh and Goldblatt (2950) in their most iccent 
anal) sis of this diseaso 

Theso workers found that rats given diets containing British jeast (D CL 
vitamin Bj jeast of tho Distillers’ Company Ltd, Glasgow) vero more lilvely 
to develop nocrosis than rats given diets containing American jeast (Type 50 
brewers’ 3 east. Standard Brands Inc ) They concluded that a pure deficiency 
of cjstino and vitamin E does not cause tho disease, and suggested two 
possibilities (1) tho presence of some unidentified toxic factor m British jeast, 
and (2) tho production of toxic metabolites In mj experiments an unidentified 
toxin m tho jeast is not an acceptable explanation because the rats which ate 
most of the diot, t e those kept in tho cold, escaped the disease, a result not to 
bo expected if tho diot wero itself toxic On the other hand, cold and dietary 
restriction might act similarly by ieadmg to more complete metabolism which 
might be Jess likoly to favour tho production and accumulation of metabolites 
toxic to tho hv cr Yot a third possibility may bo suggested, motabohe imbalance, 
which does nob raise tho question of toxm or toxic metabolites The hv or coll 
appears to be hopt intact by balanced forces controlling its metabolism m one 
direction or tho opposite It is not suggested that these forces act at one point 
only in tho motabohe chain Should any of the forces acting in the same 
direction, singly or in conjunction, be -weakened, the metabolic processes become 
unbalanced However, before necrosis can occur another force acting m the 
opposite direction may be necessary 

Two substances acting m one direction have definitely been 
identified, namely, cystine and \itamm E The work of Schwarz 
and of Hove and Harris (1947) suggests that xanthine may^ bo added 
to the list though this substance has not yet secured such general 
acceptance as an inhibitor of dietary neciosis as have cystine and 
vitamin E Weichselbaum prevented the deatlis of two early cases 
of cystme deficiency in rats by injecting mtrapentonealiy 150 mg of 
glutathione Leaf and Ncuberger (1947) found that tins substance 
rapidly disappears from liver tissue in lats fed on a low protein diet 
(100 mg of yeast ~ 40 50 mg of yeast protein per rat per day) 

Should the effect of these protective substances become too great, 
necrosis will again result, though the metabolic piocegses Ieadmg to 
this visible cellular change may be different Excess of cystme has 
been shown by Curtis and Newburgh (1927) and by Earle and Victor 
(1942) to lead rapidly to hv er necrosis m rats Deficiency of v itamin D 
or excess of vitamin E both result in a marked elevation of phosphoius 
turnover (Weissberger and Harris, 1943) No reports have been 
found on tho effects of excess vitamin E or xanthine on liver stiuctuie 

It would also appear from a study of tho literature that thjToxm 
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(Handler and Follis, 1948) and in certain circumstances choline 
(Himsworth and Glynn, 1944-45) may be substances which act in 
the other direction. Methionine in small amounts would also come 
into this group. Using oxidised casein, which is free from cystine 
and methionine, as a source of protein, Hove et al. (1949) found that 
necrosis did not occur in vitamin-E deficient rats unless 0-25 per cent, 
of methionine was added. Amounts of methionine of the order of 
1 per cent, or more can also prevent liver necrosis, presumably because 
some of the methionine is converted to cystine. Excess methionine 
(6-4-12-4 per cent.), however, results in atrophy, without necrosis, of 
liver cells (Earle, Smull and Victor, 1942). 

The “ restricted ” groups housed at 60-65° F. were deficient in cystine and 
vitamin E and it is suggested that the forces opposing these deficiencies were also 
reduced. “ Restricted ” animals cannot satisfy completely their energy require¬ 
ments. It may be that the available energy-giving substances are metabolised 
elsewhere in the body than in the liver. In experiment 2 the environmental 
temperature was 70-74° F., which is nearer thermoneutrality for the rat, i.e. 
the range of about 81-91°F. within which “the environmental temperature 
is perfectly adjusted to keep the body temperature normal without regulation ”, 
and “ the heat loss from the body is equal to the * minimum ’ heat production ” 
(Brody, 1945, p. 284). As the environmental temperature nears thermoneutrality, 
changes in temperature exert a diminishing effect on basal metabolic rate. 
For this reason, at 70-74° F., compared with 60-65° F., energy requirements 
are more easily satisfied, lienee it was more difficult to impose a true restriction 
of food intake. Any excess of food beyond the energy requirements would 
not be diverted from the liver elsewhere nor would it provide in a deficient 
diet the necessary building blocks for good growth. 

The rats fed on the experimental diets in the unheated environments were 
also deficient in vitamin E as shown by their testicular degeneration and lack 
of pigment in their teeth ; to judge by the poor quality of their hair compared 
with that of rats fed on stock diet they were also deficient in cystine. Here 
too, the relative excess of energy-producing substances would be diverted to 
tissues other than the liver. Increased metabolic rate in the cold is due to 
increased tissue metabolism. In experiment 2 the animals which died from 
acute necrosis in the unheated wooden shed presumably would not have this 
tissue stimulation. 

It will be noted that the opposing substances fall into two categories, 
either anti-oxidants or oxidants. The immediate problem of producing 
acute liver necrosis with regularity may now be resolved into a search 
for more of these substances, particularly those which act in opposition 
to vitamin E and cystine. The essential lesion would appear to he 
in the functioning of the liver cell and it is probably at this level that 
the final explanation of the necrosis should be sought. These specula¬ 
tions emphasise that the experimental production of this disease is 
still not fully understood. In the meantime the relationships between 
environment, manner of feeding and incidence of liver necrosis wine i 
are described in this paper indicate new methods of attack. 
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In order to tako cinematographic records by phase contrast at 
high magnification certain conditions must bo satisfied. All events 
photographed must tako place on the lower surface of the cover-slip. 
There must bo a minimum of material in the field of view; otherwise 
the halo produced by phase contrast obscures definition. The distance 
between cover-slip and slide must be the least possible. The prepara¬ 
tion must bo sealed to prevent drying and convection currents. 

Material examined 

After many experiments the following procedure was adopted. 
Staphylococcus aureus, Oxford strain, was grown for 18 hr. on Hartley’s 
agar ; if grown for longer, leucocidin was formed and phagocytosis 
did not occur. The culture was liberally applied in a streak to one 
end of a siliconed cover-slip (sec below); it was then fixed by heat. 

Heparin was placed on a finger and the finger was pricked through 
this. A drop of blood was then placed on the cover-slip as close as 
possible to the streak of cocci without touching it. The cover-slip 
was placed in a moist ohamber, and incubated at 37° C. for one hour. 
Many polymorphs now adhered to the cover-slip, but there were far 
too many rod cells for cinematography. As much blood as possible 
was removed with a pipette, and heparinised plasma from the same 
subject was used to wash away as many cells as possible. Tho cover- 
slip was then pressed very firmly on to a slide ; the plasma now covered 
the cocci. Tho edges were sealed with wax. 

Siliconed cover-slips wore prepared as follows. After heating to 
400° C. they were dipped in a 3 per cent, solution of “ D.C. 200 ” 
fluid (Albright and Wilson, Ltd.) in carbon tetrachloride. Excess 
solution was strained away, and solvent removed by heating for 
30 minutes at 110° C. The cover-slip was then baked for 3 hr. at 
250° C. Siliconed glass cannot be “ wetted ” and droplets of blood 
■or plasma remained spherical. 

Time-lapse photographs were taken by an electric timing device 
at intervals of from 2-8 seconds. 

\ 

Results 

Polymorphs in plasma remained spherical, and did not put out 
pseudopodia or move until they touched a surface. This surface 
might be glass, or an air-bubble; they' attached themselves firmly 
to a siliconed surface, and moved freely on it. Phagocytosis was 
never observed in polymorphs supended in plasma ; moreover when 
polymorphs were attached to a surface they very rarely ingested 
organisms free in the plasma. Cocci were repeatedly seen to float 
across actively' moving polymorphs without being phagocytosed; 
yet the distance between cover-slip and slide was so small that red 
cells were flattened. Polymorphs did not move towards cocci which 
were more than 100 /l distant; but they forced their way through 
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intervening red cells to reach the cocci. When moving, the leading 
edge of the polymorph was non-granular; the succeeding portion 
contained granules in active motion.; the distal granules were motion¬ 
less. Cocci were engulfed by the leading edge and instantaneously 
detached from the cover-slip ; they moved rapidly to the centre of 
the polymorph and if more cocci were taken up they were all collected 
in one central pattern. 

After li hr. in sealed preparations polymorphs developed large 
vacuoles; they ceased to move away horn their position, but sent 
out pseudopodia in all directions, indenting red cells. At this stage 
phagocytosis has been observed to continue, but only in a rare case 
where a coccus drifted into contact. In 2 hr. movement ceases, and 
disintegration of the polymorph begins. 

In the series of photographs illustrated, a polymorph moved 
towards an aggregate of cocci numbering many thousands (fig. 2). 
It appeared to merge with the coccal aggregate (figs. 3-6) and through 
the watching eye-piece could not be separately distinguished; but 
since only 10 per cent, of the light is deflected, definition is poor. 
It was then observed to extend over the whole margin (fig. 7); its 
three lobes were widely separated without any visible nuclear bands. 
Isolated cocci were phagocytosed and moved freely in a thin wall of 
cytoplasm. After 20 min. a cleft appeared in the aggregate (figs. 7-8) 
and very quickly spread until a bean-shaped raft in area about 400 sq. fi 
was detached. This raft became detached from the surface, and 
moved freely away from the aggregate (fig. 10); in this figure another 
polymorph is seen applied to the edge of an aggregate. Later the 
three lobes drew closer together; but by this time two hours had 
elapsed and no further observations were valid. 


Discussion 

Neither in the film as projected nor by direct observation was 
it possible to see a cell-wall around the raft. It seems that the mass 
was detached by a shearing action; there must however be some 
unknown mechanism whereby a single coccus firmly fixed by heat to 
a slide is removed by a polymorph instantaneously. Such cocci adhere 
firmly to slides even when washed or immersed in 25 per cent, sulphuric 
acid. The removal of single cocci strongly suggests a solvent action 
exerted remarkably quickly on. the surface of the coccus. 

It is surprising to find that a single polymorph can remove from 
a surface aggregate many thousands of cocci, and carry these loose 
into the plasma. If this occurs in vivo the mass -would presuma J 
be carried in the blood stream until arrested as an embolus; an i 
live cocci were carried in this way metastatic suppuration mig i 
follow. However, all attempts to design a method wherein living 
organisms were used were unsuccessful; for example, live cocci 
suspended in plasma which was later clotted were not phagocytose 
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Summary 

An apparatus and methods are described for phase-contrast 
cinematography of human polymorphonuclear leucocytes. In studies 
of phagocytosis by the methods described, it was observed that a 
polymorph could dotacli heat-killed and fixed staphylococci from the 
surface of a siliconcd cover-slip. This phenomenon is illustrated. 

Thanks are due to Mr J. Haynes for teclmical assistance and to the Depart¬ 
ment of Clinical Photography, Westminster Medical School, for tho enlargements. 
The cmeraicrographic apparatus was designed and mado by Jlr P. ClifFe, the 
timing device by Dr Ross Robinson. 
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THE DEMONSTRATION OF BACTERIAL 
CAPSULES AND SLIME 

J. P. Dram 

From the Bacteriology Department, University of Edinburgh 

(Plates CXIV-CXVHI) 

Extracellular material of gelatinous or gummy consistence is 
formed by many bacteria, particularly those giving mucoid growths. 
This material may remain firmly adherent ns a discrete covering 
layer on each cell, that is ns capsules, also called slime-layers or slimy 
envelopes, or it may part freely from tbo cells as loose slime, also 
called free slime, gum or zoOgloea. Loose slime remains ns a confluent 
matrix around the bacteria in colonics on solid medium, but disperses 
from tho bacteria in liquid medium. Typical capsule-forming strains 
of bacteria show capsules on most or nil of tho cells in their cultures ; 
such strains often produce much loose slime in addition to the capsules. 
Other strains, best designated sfime-forming, produce an abundance 
of loose slime, but show capsules on few or none of tho cells in their 
cultures. 

The term slimo-layer, or slimy envelope, has been used by some 
authors as synonymous with capsule, and by others as distinguishing 
n soft, imperfect kind of capsule which does not have the regular 
shape and well-defined edge of the typical capsule (Howland, 191-t; 
Etinger-Tulczynska, 1932-33 ; Knaysi, 1946; Klieneberger-Nobijl, 
1948). Becauso it has been given theso diverse meanings and because 
it is liable to bo confused with loose slime, the term slime-layer will 
be avoided. The term capsule will be used for any microscopically 
demonstrable covering layer external to the cell-wall which is firm 
enough to remain adherent when the cells are suspended in water. 
The term slime will be used exclusively to mean loose slime. 

Many different methods have been suggested for microscopic 
demonstration of capsules and slime, but as yet none seems to inspire 
general confidence. Most methods are liable to occasional failure in 
demonstrating capsules, some falsely give tho appearance of capsules 
around non-capsulated bacteria, and most fail altogether to reveal 
loose slime. The identity and equivalence of the surface structures 
exhibited by some of the staining methods are uncertain; their 
elucidation is particularly desirable in view of the great importance 
now attached to theso surface structures in many fields of study, as 
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in the case of bacterial virulence, variation, antigenicity and phage- 
adsorption (see Miles and Pirie, 1949). Because the wide diversity of 
methods at present used for capsules and slime makes the published 
results very difficult to compare and evaluate, the general adoption 
of one agreed method of choice would be advantageous. 

For these reasons, a comparative trial of the main demonstration 
methods was undertaken. The wet-film India-ink method emerged as 
the most informative and reliable of the available methods ; its general 
adoption is proposed, and its use in an investigation of 40 strains 
of Bacterium aerogenes and 55 strains of Bacterium coli is reported. 

Strains and cultural methods 

Tests were made with a variety of strains and species, in particular with 
capsulated type-3 and tvpe-19 pneumococci recently isolated from sputum, 
and with various non-capsulated, capsulated and slime-forming strains of 
Pact, aerogenes and Bad. coli. The aerogenes and coli organisms were isolated 
from fasces and other sources in this laboratory (A strains) or obtained from the 
National Collection of Type Cultures (N.C.T.C. strains); they were typed by 
their biochemical reactions according to the scheme of Wilson (1935). The 
Pact, aerogenes collection included 37 type-I strains and 3 type-II strains 
(N.C.T.C. 5939, 8167 and 8173). The Pact, coli collection included 52 type-I 
strains and 3 type-II strains. 

In order that capsules and slime might be most clearly apparent, cultures 
were made under conditions favouring their maximum development. Inclusion 
of sugar or other carbohydrate in the culture medium has been found essential 
for production of large capsules and abundant slime in pneumococci and strepto¬ 
cocci (Buerger, 1907 ; Zettnow, 1907; Morison, 1940; Wood and Smith, 
1949), and in Salmonella, coliform and allied bacilli (Hoogerheide, 1939; Morgan 
and Beckwith, 1939 ; Duguid, 1948). Duguid found that Bad. aerogenes 
capsules were largest in cultures on a sugar medium wherein growth was limited 
by deficiency of an essential nutrient, such as the nitrogen or phosphorus source, 
so that after satisfaction of all the energy requirements of growth, an excess of 
sugar still remained available for synthesis of capsular polysaccharide ; he also- 
found that the excess-sugar medium must be well buffered, since capsule 
formation was slight if an acid reaction was allowed to develop. Bunting, 
Robinow and Bunting (1949) confirmed these findings for Bad. aerogenes and 
found that Serratia marcescens behaved in the same way. 

In the present trial, Pact, aerogenes and Pact, coli were grown on plates of 
an excess-sugar peptone agar which was deficient in nitrogen and buffered with 
phosphate. This medium contained in 100 e.c. of distilled water: . maltose, 
0-5 g.; peptone (Bactopeptone), 0-05 g .; phosphate (anhydrous Na 2 HP0 4 , 

3 parts ; KH 2 P0 4 , 1 part; pH = 7-3), 0-5 or 1-0 g. ; NaCl, 0-2 g.; K 2 S0 4 , 
0-1 g.; MgS0 4 , 0-01 g.; CaCI 2 , 0-001 g.; PeS0 4 , 0-0001 g.; washed agar 
powder, 2-0 g. Occasional use was made of MacConkey’s lactose-peptone agar, 
a medium which allows moderate development of capsules and slime, but no ■ 
maximum development since its sugar-peptone ratio is relatively Jow ( • )- 
Parallel cultures were made at 35° C. for 1-7 days and at 15-20 C. for 2 wee cs, 
the latter being included in view of the finding by Morgan and Beckwit i a a- 
low temperature of incubation is necessary for development of mucoid gro i 
by Bad. coli and certain other species. Pneumococci and streptococci were 
cultured at 35° C. on plates of moist blood-agar containing 0-1-0-2 per cent, 
glucose or sucrose, as suggested by Morison for maximum deve oproen o 
capsules. Microscopic observations were made by oil-immersion wit i a / 
apochroinatic objective and a green filter. 
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Observations on dried and fixed items 

Capsules and slimo are difficult to demonstrate microscopically 
"because of their poor affinity for dyes and their liability to gross 
shrinkage on drying and fixing. In most methods for positive staining 
of capsules, the dye affinity of tiro capsules is first increased by 
application of a special fixative or mordant. In relief methods, on 
the other hand, the capsules are left unstained or weakly stained in 
-contrast to a strongly stained background ; tlio background staining 
is achieved by mixing the bacteria with a Btainable substrate or with 
•a special background dye. Some dry-film relief methods suffer the 
•disadvantage that non-capsulated bacteria through shrinkage leave 
around themselves clear retraction zones which simulate unstained 
■capsules ; Baehr and Ivantor (1912) found that such pseudocapsules 
were produced by the methods of Boni (1900), Hamm (1907), Medalia 
<1011) and Rosenow (1911). 

Shrinkage and distortion of capsules were found by Baehr and 
Ivantor to be greatest in methods involving drying followed by heat 
fixation : methods of Welch (1892) and of Hiss (1901-05); somewhat 
less with drying followed by chemical fixation : methods of Wadsworth 
{1905) and of Medalia (1911); and least with chemical fixation of a 
still moist smear: methods of Buerger (1905, 1907), of Hamm (1907) 
■and of Rosenow (1911). Small capsules which were seen by the 
wet-fixation methods often could not be seen by the methods allowing 
greater shrinkage. 

Simple staining of lieat-fixed smears. Capsules and slime are seldom 
recognisable in culture smears stained in the ordinary way with a 
basic dye after drying and fixation by flaming. In the present trial, 
positive staining of capsules with methyl violet was sometimes achieved 
in cultures made on sugar media : for type-3 pneumococcus and for 
JBacl. aerogenes (as fig. 4 of Duguid); the successful smears were 
made by spreading a colony directly on a slide with admixture of 
little or no water. Capsules of bacteria in infected body fluids are 
more readily stained in heat-fixed smears than capsules from cultures. 
In smears of the heart blood of infected mice, the type-3 pneumococcus 
and a Bad. aerogenes (A 29) regularly showed small capsules positively 
stained ; in smears of infected peritoneal exudate, the capsules were 
stained less strongly, often in outline only. 

Use of special suspending media. Many methods involve preliminary 
suspension of the culture in a special fluid ; smears are then made 
from this suspension and stained with a basic dye. Serum or ascitic 
fluid was employed by Hiss, Buerger, Hamm, and Toenniessen (1912); 
glycerine, egg-albumen and formalin by Boni; and serum and phenol 
by Jasmin (1945). Such a procedure may minimise shrinkage and 
may render the capsules more stainable. In some methods, as those of 
Boni and Jasmin, it gives a stained background with unstained capsules 
showing in relief. 
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In trials with the copper-sulphate serum method of Hiss, the 
results were unsatisfactory, the capsules on some occasions being 
quite invisible and on others positively-stained but much shrunken 
in size. For the relief method of Jasmin, cultures were suspended 
in phj^siological saline containing 1 per cent, (w/v) phenol and 10 per 
cent, (vjv) ox-serum, and smears of tins were dried, fixed with 
methyl alcohol and stained with methyl violet. The capsules in 
cultures of pneumococcus and of Bad. aerogenes were thus readily 
demonstrated, but their appearances were very variable. In different 
parts of the same smears, capsules were (1) apparent in relief (fig. 1), 
(2) outline-stained, (3) positively and uniformly stained, and (4) 
completely invisible. 

Use of special fixatives. Chemical fixation of smears is better 
than heat fixation since it causes less shrinkage and distortion of the 
capsules. Moreover, certain chemical fixatives, particularly the acids, 
appear to increase the dye-affinity of the capsules. Heat-fixed smears 
were treated with acetic acid bj^ Friedlander (18S5), Welch (1892) 
and Cooper (1925). Dried, unheated smears were fixed with formalin 
by Wadsworth (1906), and with Wright’s stain in absolute methyl 
alcohol by Wherry (1905), Churchman and Emelianoff (1933), Seastone 
(1934) and Sokhey (1940). Fixation of moist smears was effected 
with bichromate and mercuric chloride by Buerger, with osmic-acid 
vapour by Hamm, and with acetic acid, picric acid and formalin 
(Bouin’s solution) by KlienebergerfiNTobel. 

Trial was made of Klieneberger-Nobel’s method A. 1 for capsules. 
Fig. 2 shows successful staining of the capsule in a young colony of 
type-3 pneumococcus, wet-fixed through agar with Bouin’s solution 
and stained with Giems a’s stain. However, the method was not 
regularly successful; often the capsules were unstained and invisible 
in parts of the film. 

Use of tannic acid as a mordant. Treatment with tannic acid is 
especially effective for increasing the stainability of capsules by basic 
dyes ; it also renders the cell walls stainable and the cell contents 
unstainable. Tannic acid is used in the capsule-staining methods o 
Rosenow, Muir (see Mackie and McCartney, 1948), Cooper an 


Klieneberger-JNTobel (method A. 2). _ f 

Trial was made of Muir’s method on sugar-medium cultures o 
type-3 pneumococcus and Bad. aerogenes. The results were * 
appointing. The capsules were positively stained, but usually appeare 
very small and indistinct as a result of gross shrinkage. With ac • 
aerogenes , a clear retraction space was often seen between tie re 
stained bacillus and the blue-stained capsular material; this space 


readily might have been mistaken for the capsule. 

Trial was also made of Klieneberger-Nobel’s method A. 2 to 
capsules, using as mordant a mixture of 4 parts of 20 per cent. al ™ 
acid, 5 parts of a saturated solution of potassium alum an par 
saturated mercuric chloride. Variable results were obtame . ig- 
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Figs 0 and 7 —Typo 3 pneumococcus Capsules stained like background, but out 
lined bj djo meniscus m fig 0 nnd clear shrinkage space in fig 7 Little slime 
How io and Kirkpatrick’s eosin method 
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bacterial suspension which is mixed with a dye or pigment to provide 
a dark background. The bacteria were mixed with Congo red and 
serum by Fletcher (1918) and Bruce White (1947), with protargol 
and eosin by van Riemsdijk (1921), with broth, eosin and serum by 
Howie and Kirkpatrick (1934) and noth nigrosin by Fleming (1941). 

Nigrosin and eosin were found to behave similarly in trials with 
pneumococcus, Bacillus anthracis and Bad. aerogenes. The dye always 
infiltrated the capsule to some extent, and left the cell contents 
unstained. In some cases the dye concentration in the capsule 
remained appreciably less than in the background, so that the capsule 
was visible in relief as a lighter area (as in fig. 9). Usually the dye 
concentration in the capsule was nearly the same as in the background; 
then, the capsule might be indicated by a dark dye meniscus outlining 
its periphery (as in figs. 6 and 8), or by a clear retraction space left 
on its shrinkage inwards (as in fig. 7). Sometimes, however, the 
capsule remained invisible; especially in thick films, capsulated 
Bad. aerogenes were liable to appear indistinguishable from naked 
bacilli, which usually show bipolar absence of stain. 

The eosin-serum method of Howie and Kirkpatrick, omitting the 
initial earbol-fuchsin staining, was found one of the most useful of 
dry-film methods (figs. 6-10). It proved reliable in demonstrating 
capsules, except those of small size, and it displayed the capability, 
not mentioned by its authors, of demonstrating clearly the presence 
of loose slime. Indeed, the eosin-serum method and the wet-film 
India-ink method were the only satisfactory methods found for the 
demonstration of slime; the wet-film India-ink method has the 
advantage of showing the slime undried and unshrivelled, but for 
the inexperienced observer it is more difficult than the eosin-serum 
method. The eosin-serum method shows slime variously as a granular, 
fibrous or reticular deposit appearing somewhat lighter than the 
general eosin background. Figs. 8 and 9 show the slime and en¬ 
capsulated bacilli of a typical capsule-forming Bad. aerogenes strain 
(A 3); fig. 10 shows the slime and naked bacilli of an unusual Bad. 
aerogenes strain (N.C.T.C. 5936) which is slime-forming but non¬ 
capsulated. Fletcher (p. 103) described a similar demonstration of 
slime in his Congo-red preparations : he stated that in a film of non¬ 
mucoid colonies “ the background of Congo-red is homogeneous, but 
in mucoid films it is traversed in all directions bj r an irregular reticulum 
composed of a deposit of small granules, which appears to be derived 
from mucilaginous matrix 

Dry-film India-ink methods. Important advantages attend the 
use of India ink for relief demonstration of capsules; unlike the 
soluble background dyes, the particulate ink does not penetrate into 
the capsules, and it is not washed away when counterstaining of tl is 
bacterial bodies is attempted. Following Burri (1909), dry- 
India-ink methods were described by Rulison (1910), Gins (1910-1 ), 
Baker (1920) and Butt, Bonynge and Joyce (1936). 
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Figs, 12 16.— Type-3 pneumococcus. After 24 hr. at 35° C on sugar bbod -agar. In tret films. 



Fie. 12—Heterologous scrum with met hjlcno Fio, 13 —Homologous antiserum with 

blue. Capsules snusiblo: negative “swell- methylene blue. Capsule outline visible: 

mg reaction”. positive 11 swelling reaction 



Fio. 14.—Heterologous serum with mgrosrn. 
Cnpsulo invisible. 


Fio. 15 —Homologous antiserum with 
mgrosm. Capsule positively stained. 




Fig. 16 —India ink. Wide capsule outside Fio. 17 — B. megatherium. Capsules in wet 

cell surface halo India ink film. 


(Figs. 1247: X3750) 
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B} r tlio method of Butt, Bonyngo and Joyce, the culture is suspended 
in 0 per cent, (w/ti) glucose solution in water and mixed with India 
ink ; a thin film of this is dried, fixed with methyl alcohol and stained 
with aqueous methyl violet or other dye. In the present trial this 
method proved very reliable for capsules, consistently revealing those 
of pneumococcus, B. anthracis and Bad. acrogenes ; on the other 
hand, it failed to demonstrate the looso'slime of Bad. aerogenes and 
Bad. coli strains. Capsulation is indicated by the presence of a clear 
space botweon the stained bacterium and the ink background. Some¬ 
times tho capsule is faintly stained with the connterstain. When thus 
visible, it is seen occupying cither tho wholo of the capsular space or 
only tho inner part of this (as in fig. 11). In tho latter case the capsule 
has continued to shrink inwards after setting of the ink background. 
As reported by Butt, Bonyngo and Joyce, tho capsular spaces were 
found to be much smaller when tho initial suspension in glucose 
solution was omitted. 

Observations on unfixed wet ra.MS 

When capsulatcd bacteria aro examined unfixed and unstained 
in a film of water between slide and covorglass, the capsules normally 
remain invisible. In tho focal plane usually chosen, the outline of 
tho bactorial coll, whether capsulatcd or not, appears as a narrow 
dark band surrounded by a narrow bright band. These bands are 
refraction or diffraction halos produced by the coll surface and do 
not correspond to distinct surface structures. Tho bright halo, which 
may appear about 0-2 p wide, must not be mistaken for a narrow 
capsule. 

Capsule-swelling reaction. In the “ specific swelling reaction ” of 
Neufold (1902), tho outlines of capsules in a wet film are made visible 
by the addition of homologous antherum. Negative and positive 
“ swelling ” reactions for type-3 pneumococcus are shown in figs. 12 
and 13. The cells treated with antiserum bear capsules with refractile, 
clearly visible outlines (fig. 13); the cells not treated with antiserum 
show at their surface only the narrow diffraction halos, their capsules 
remaining invisible (fig. 12). The capsule is much wader than the 
surface diffraction halo, so that if the latter is mistaken for a narrow- 
capsule, it will appear that the action of the antiserum is to make this 
swell. Almost certainly, however, the action of the antiserum is not 
to enlarge tho capsule, but merely to render visible the outlines of a 
capsule which is already large. Klieneberger-Nobel in numerous 
tests never found antiserum to increase capsule size. This was 
confirmed in the present investigation ; cultures of types 1, 2, 3 and 
19 pneumococcus did not show appreciably larger capsules in wet 
films with the homologous antiserum than in wet India-ink films 
without antiserum (c/. figs. 13 and 16). 

Non-specific “ capsule swelling ” in pneumococcus was obtained 
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by Neufeld and Etinger-Tulczynska (1931) through treatment with 
certain inorganic salts, and by Jaeox (1947) through treatment with 
various proteins at pH 4. 

Vital staining of capsules. Knaysi stated that capsules are 
positively stained when a basic dye is added to an unfixed wet film. 
This was confirmed for Bact. aerogenes and the vitally stained capsules 
were illustrated in a previous paper (JDuguid : figs. 11, 13, 14 and 17). 
The capsules of pneumococcus were found less susceptible to vital 
staining; for instance, they were not stained by the methylene blue 
in the wet film shown in fig. 12. 

Use of background dyes in wet films. Wet films were prepared of 
bacterial suspensions mixed 'with nigrosin or eosin to give a dark 
background. Usually these dyes infiltrated the whole capsule up to 
the edge of the cell, so that the capsule was as dark as the background 
and thus invisible. Fig. 14 shows type-3 pneumococcus in a wet 
nigrosin film; the narrow diffraction halo is visible at the coccal 
surface, but the large capsule is quite invisible. In a few cases onty, 
as with Bad. aerogenes grown on an excess-sugar medium, the capsule 
resisted entry of the nigrosin sufficient^ for it to be somewhat lighter 
than the background and thus indistinctly visible. Loose slime could 
not be demonstrated in wet nigrosin or eosin films. 

Addition of homologous antiserum to pneumococci in nigrosin 
or eosin was found to result in heavy staining of the capsules so that 
these appeared darker than the surrounding fluid. Fig. 15 shows 
type-3 pneumococcus capsules positively stained in this way with 
nigrosin. These dyes are thus a valuable aid for demonstration of the 
“ swelling reaction 

Use of colloidal silver in wet films. Hamm suggested the use of 
Collargol as preferable to India ink for relief demonstration of capsules 
in wet preparations. However, his illustration of Bacterium friedl&nderi 
in Collargol (Hamm : fig. 4) shows the capsules much less distinctly 
than would a well-made India-ink film. In the present trial of several 
silver preparations, best results were obtained with a 40 per cent. 
(wjv) suspension of Argyrol (silver vitellin) in water, which was just 
coarse enough to appear particulate through the microscope; this 
showed capsules and slime in much the same way as India ink does, 
but it gave a lighter background and poorer contrast. The other, 
finer silver preparations had the fault, like nigrosin and eosin, of 
infiltrating the capsules and slime. 

The wet-film India-ink method. Because of its great opacity and 
the inability of its particles to penetrate the polysaccharide gel, 
India ink provides an ideal background for the relief demonstration 
of capsules and slime in wet films. Subsequent to its brief suggestion 
by Hamm, the wet-film India-ink method was fully described bj 
Preisz ( 1911), who used it for the capsule of B. anthracis. The method 
has since been used successfully to show the capsules of various species, 
for instance by Rowland (1914), Borin (1925) and Etinger-Tulczjmska 
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(1032 33) Its use for demonstration of loose shmo has not hitherto 
been described 

The technique is simple and rapid, but perseverance is required 
for obtaining proper films The ink should bo dense, homogeneous 
and free from largo particles or clumps of particles Coarse ink maj 
bo improved by vigorous shaking n ith small glass beads , the authoi s 
practico is to miv the ink u ith a quarter \ olume of grade 12 (0 2 mm ) 
Eallotini and shako for an hour in a Mickle “ Tissue disintegrator" 
Tlun ink msj be improved if concentiated somewhat by evaporation 
A largo loopful of the undiluted ink is placed on a clean slide Into 
this is mixed cither a small portion of colour or a small loopful of the 
centrifuged doposit of a liquid culture', a large number of bacteria 
must be added, but the ink should bo diluted as httlo as possible 
A clean coverglass is placed on the drop and pressed down under a 
pad of blotting paper Seveial attempts maj be necessary m order 
to achievo a film of the pioper thickness The ink film should be 
about tho same thickness as the eapsulnted bactoria, so that these 
are just lightlj' gripped between the slide and coverglass If the film 
is loft too thick, the bacteria will drift about in the field and will be 
obscured by tho oierljmg ink If tho film is pressed too thin, the 
capsules will be flattened, distorted and perhaps disintegrated 

The capsule appears as a clear light zone between the refractile 
cell outhno and tho dark ink background Trpioal capsules, m the 
absence of loose slime, are shown m figs 1C, 17, 19 20 and 21, for 
cultured tjpe 3 pneumococcus, Bacillus megatherium and Bad 
aerogenes Such capsules are fairlj regular m size and shape, have 
clear out margins and show little tendencj to coalesce with one 
another They aro firm m consistency, and do not disintegrate or 
dissolve m tho ink when tho wet film is kopt for many hours In the 
centre of the capsulo aro seen the narrow light and dark diffraction 
halos w Inch outline the surfaco of the bacterium itself The light halo 
sometimes has been mistaken for a special inner zone of tho capsule , 
for instance, Etinger Tulczj nska m describing photographs of pneumo¬ 
coccus and Bad fricdlhnderi which resembled figs 1G and 21, gave 
the name “ capsule ” to tho narrow light lnlo at the cell surface aud 
the name “ slime layer ” to the wide capsule outside 

Non eapsulated bacteria, typical Bad coh, are shown m fig 18 
These naked bacteria are not separated from the ink background 
by any definite clear space They show at their surface only the 
narrow light diffraction halo, which appears about 0 2 p. in width, 
hardly above the limit of resolution of the microscope In the 
absence of a clear zone which is definitely larger than this, bacteria 
should be designated “ non eapsulated ”, although the presence of a 
very narrow', submicroscopical capsulo is never impossible Capsules 
of 0 25 0 5 ft m radial width are shown ill fig 19 , these are 
about tho smallest which can be recognised with certainty w ith the 
ordinary microscope Naked bacteria may be difficult to see in India 
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ink; observation is easiest when large numbers are present in a 
very thin film. 

The wet-film India-ink method is especially suitable for the 
measurement of capsule size, since the capsules are not shrunken by 
drying. Measurement is made with a micrometer in the microscope 
or from a photograph taken at known magnification. The funda¬ 
mental dimension is the radial thickness of the capsular layer (e.g. 
1-1-5 p. for the cells in fig. 21); however, a more convenient measure¬ 
ment is the “ transverse capsule diameter ”, including the bacterium 
and the capsular layers on each side of it (e.g. 2-5-4 g in fig. 21). When 
undertaking capsule measurement it is particularly important to 
make films of the proper thickness ; if the film is pressed too thin, 
the capsules are flattened and exaggerated in apparent size (c/. figs. 21 
and 22). One must proceed by trial and error until achieving a film 
in which only the largest capsulated cells are gripped between slide 
and eoverglass, while the smaller float about freely in the ink. One 
use of capsule measurement is in studying the factors which influence 
the production of capsular polysaccharide (e.g. Duguid). Another 
use may be in the distinction of strains. Measurements were made 
on 37 capsulated Bad. aerogenes strains cultured for one day at 35° C. 
on excess-sugar peptone agar. Most strains formed capsules of about 
the same size as that in fig. 21, but a few consistently formed larger 
or smaller capsules. The strain forming the smallest capsules is shown 
in fig. 19, and that forming the largest in fig. 20 ; the latter strain 
gave exceptionally stiff colonies. 

When it is desired to demonstrate loose slime as well as capsules, 
the film must be prepared from a surface culture on solid medium. 
If the film is prepared from a liquid culture or a liquid suspension 
of a surface culture, only the capsules are seen; the loose slime is 
dispersed to give a uniform solution in the liquid, and as such it remains 
invisible. When examining for slime it is important to avoid crushing 
capsules by pressing the film too thin, since capsules may thus be 
disintegrated and fused into amorphous masses which simulate loose 
slime; this artefact is seen in fig. 22, a crushed film of the culture 
shown uncrushed in fig. 21. 

Many capsule-forming bacteria produce an abundance of loose 
slime in addition to their capsules. All of 37 capsule-forming strains 
•of Bad. aerogenes produced loose slime in cultures at 35° C. on excess 
sugar peptone agar; most strains produced much slime in 24-hour 
cultures; 5 strains produced little slime in 24 hours {figs. 19-21), 
but much in 2-7 day cultures. Tig. 23 shows a typical Bad. aerogenes 
culture with large capsules and abundant slime together. Aroun 
the bacilli are seen the typical clear capsular spaces, with re guar 
oval shape and well-defined margins. These are embedded in arge 
irregular masses of loose slime. The slime is partly infi tra o 
overlaid by the ink, so that it appears darker than the capsuie , 
although still much lighter than the pure ink background. en 
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Fig 23 —Bad acrojenes (A3) BnciJU with large clenr capsules and mucli loose slirao, 
somewhat darker than capsules After 7 days at 3o°C on cnccss sugar peptone 
agar 
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presonco of capsules m addition to slimo is not obvious, it is best 
confirmed by suspending tho surfneo culture m water, centrifuging 
and examining the deposit, this will show tho capsules alone, the 
slime having been 11 ashed an ay 

Man}’ bacteria produce abundant slime in the complete or almost 
complote absence of capsules Purel} slime forming strains of Bad 
aerogci ics and Bacl coli arc shown in figs 21 and 25 Large light 
areas are seen n Inch correspond to masses of loose shme not }et 
dispersed and dissoli ed in the ink Bacilli are embedded m this shme, 
widely and irregularly spaced (fig 21) Other bacilli, originally 
contained m slime v. lucli has already dissoli ed in the ink, are now 
seon lying free and naked in tho ink small white rods in dark back¬ 
ground of figs 21 and 25 Capsules are not seen in these purely 
shme forming strains The absence of capsules is most easily confirmed 
by suspending tho surface culture m water, centrifuging and examining 
the deposit, only nakod bacdk v. ill be seen in this, the shme having 
been n ashed av\ ay 

Of 10 Bad acrogcncs strains examined in v, et India mk films, 
37 vere typically capsule forming and 3 were purely shme forming 
(A 217, NCTC 593G, 8173), these three were the only strains 
which Mere motilo, and the motihty may veil have played a part in 
loosening tho extracellular material and preventing its retention as 
capsules Variation, as from a capsulated to a non capsulated form, 
was not observed among these Bad aerogenes strains during 3 years 
of subculturing on nutrient agar Of 52 type I Bad coli strains 
examined m cultures on the excess sugar peptone agar, 8 strains, 
0 motile and 2 non-motile, were shme forming, producing abundant 
shme without capsules at 15 20° C , but none at 35° C , 2 strains, 
both non motilo, were capsule-forming, producing capsules and shme 
together both at 15 20° C and at 35° C , and the remaining 42 strams 
formed neither capsules nor shme m any definitely demonstrable 
amount On repeated subculture a few of these eventually gave 
rise to shme forming variants Of 3 type-II Bad coli strains, none 
produced capsules or shme m appreciable amount Some cultures 
of type I Bad coli strains which were motde and shme forming, 
contamed a small proportion of cells bearing capsules , such capsulated 
individuals were sometimes seen swimming about vigorously m the 
India-ink film In the main, however, capsulation and motihty were 
not found together 

Summary and conclusions 

(1) A comparative trial was undertaken of the main methods foi 
demonstrating bacterial capsules and shme Most methods u ere 
found liable to frequent failure in demonstratmg capsules, and most 
methods failed altogether to demonstrate loose shme In particular, 
methods mv olvrng drying and fixation often produced gross shrinkage 
of the capsules and shme, so that these became unrecognisable 
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(2) Of the dry-film methods, the India-ink method of Butt, Bonynge 
and Joyce was found the most reliable for capsules. The eosin-serum 
method of Howie and Kirkpatrick was found successful for capsules, 
■except those of small size, and in addition was one of the very few 
methods found capable of demonstrating loose slime. 

(3) The wet-film India-ink method was preferred to all others, 
.as the most reliable, informative and generally applicable ; it proved 
•consistently successful for capsules, even very small capsules, and 
for loose slime, showing these in their natural form and size without 
.shrinkage. A description is given of this method, and of its use for 
measurement of capsule size. 

(4) In an investigation by the wet-film India-ink method, 37 of 
40 strains of Bad. aerogmes were found to be capsule-forming and 
3 strains purely slime-forming. Of 55 Bad. c oli strains, 2 were found 
to be capsule-forming, 8 slime-forming and 45 neither capsule-forming 
nor slime-forming to a clearly demonstrable extent. 

I wish to thank.Professor T. J. Mackie for his encouragement and advice, 
and I am indebted to Miss M. J. MacPherson and Miss M. C. Kelly for isolating 
and identifying the Bad. coli strains. 
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THE INCIDENCE AND PROBABLE SIGNIFICANCE 
OF PHARYNGEAL INCLUSION BODIES, WITH 
SPECIAL REFERENCE TO THEIR PRESENCE IN 
NEW-BORN INFANTS 

G. B. Ltjdlam 

Public Health Laboratory Service, Nottingham 
(Plates CXIX and CXX) 

During the investigation of an outbreak of pneumonia of suspected 
viral origin among the infants of a maternity unit in Nottingham, 
eosinophil cytoplasmic inclusion bodies were found in smears from 
the throats not only of the infants with pneumonia but also regularly 
in the smears of throats of infant contacts and of infants in unaffected 
nurseries of the same hospital. These results were unexpected, for 
Adams and his colleagues (1942), although finding similar inclusion 
bodies in certain epidemics of neonatal pneumonia, obtained a veiy 
low incidence of the inclusions in control infants. Because of this 
discrepancy a careful study was made of smears from the infants in 
the nursery of another maternity unit in Nottingham and from the 
infants in a maternity hospital in Edinburgh. Smears were also 
made at another Edinburgh maternity hospital from infants under 
two days old and at the time of birth from a few infants, some of 
whom were delivered by Caesarean section. Finally smears were taken 
from infants at the hospital in which the original epidemic of pneumonia 
had occurred, but about a year later, and this time smears were also 
taken from the throats of their mothers. 

A comparison has also been carried out on the relative incidence 
of inclusions in the throat and in the tongue in small groups of infants 
and adults. Sections of tongue from ft few foetuses or infants dying 
within a few days of birth have also been examined. 

SIaterial and methods 

Collection of specimens. Swabs were taken from the back of the 
throat and either smears were made at once or the swabs were 
immersed in a small quantity of saline and after return to the 
laboratory smears were made from the centrifuge deposit. 

Staining methods. Careful heat fixation was found satisfactory 
for the smears. Tissues were fixed in 5 per cent, formalin. Mann’s 
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methyl blue-eosin stain was used at first with fairly satisfactory 
results but later, after experimenting with a number of recognised 
stains for inclusion bodies, Lendrum’s phloxin-tartrazine method 
(1947) was found to be the most satisfactory and was adopted as a 
routine. The nigrosin technique described by Broadhurst et al. (193C) 
but without counterstain gave good results and was used during part 
of the investigation in parallel with Lendrum’s stain. 

Microscopy. The 1/6 in. objective and a low-power ocular were 
found to be the most useful for routine examination of smears. The 
1/12 in. objective vans used mainly for checking doubtful findings and 
studying details of morphology. 

FINDINGS 

Appearance of inclusion bodies 

Smears. Cytoplasmic inclusions are found in squamous epithelial 
cells in smears of the pharynx or buccal cavity. Apart from the 
inclusions the affected cells usually appear quite normal. The inclusions 
in a cell vary in number from one to over 20 and are of greatly varying 
size (fig. 1). Several inclusions in a cell are commoner than a single 
one. Tig. 2 shows a typical appearance. When smears contain few 
affected cells the number of inclusions in a cell appear to be on the 
average fewer than in smears in which inclusions are common. When 
inclusiohs are abundant it is noticeable that the distribution may 
be very irregular, some epithelial sheets consisting of cells all heavily 
affected (fig. 4) while neighbouring sheets of cells may be practically 
free of inclusions. 

The inclusions vary in size from granules less than 1 y in diameter 
to bodies of about 6 y diameter, but inclusions larger than 3 or 4 y 
are uncommon. The inclusions are usually round but, particularly 
when large, they may be oval or elongated. They may be found in 
any part of the cell, but the larger ones tend to be near the nucleus, 
which they may indent (figs. 1 and 5). A characteristic appearance 
is that of two inclusions of moderate size on opposite sides, of the 
nucleus (fig. 3). It has not usually been possible to distinguish any 
structure in the inclusions, but a surrounding halo is sometimes seen, 
or a clear space in the centre of the inclusion. 

The inclusions are moderately eosinophil and fuchsinophil an 
stain with haematoxylin, 1 per cent, nigrosin (technique of Broadhurst 
et al., 1936), methylene blue, and Giemsa’s stain. They are Gram- 
negative, give a negative Feulgen reaction and do not stain by tie 
periodic acid-Schiff technique or with Sudan black B. The stain 
giving the most reliable results has been Lendrum’s phloxin-tartrazine. 
By this method the inclusions usually stain a deep red, but twre 
may be considerable variation in the intensity of staining. 1 1 
Broadhurst’s nigrosin method the inclusions stain all shades from 
light grey to deep black. When incubated with trypsin or peps 
the inclusions disintegrate and become unstainable. 
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Tin 1 —Pharyngeal smear from 
eleven day old mfant showing 
an epithelial cell with numerous 
inclusions, including n largo one 
indenting tho nucleus Acid 
htmnlum phlos.ui tartrazine 
X C50 


Ho J —Pharyngeal smear from 
new bom infant showing 
characteristic appearance of 
inclusions m three epithelial 
cells Mann s mothy 1 bluo eosln 
stain x 550 
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» Pro 1 —Pharyngeal smear from 
/ x ‘ ten day old infant showing cell 

! with two inclusions w ith bipolar 

5 arrangement Acid h-emalum 

t phloxin tartrazme x550 
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With some experience the inclusions can also be seen in -wet 
■unstained preparations as rounded bodies resembling the cell nucleus 
m rcfractn lty and density By pressure on the coi erslip it is some 
times possible to roll an inclusion 

Sections Sections of tongues, stained b^ Lendrum’s phloxin 
tartrazme technique, ha\e been examined from stillborn feetuses of 
1G weeks, 2S weeks and 30 weeks and from one stillborn infant a few 
weeks premature Tongue tissues from two infants dying a few 
days after birth ha\o also been examined In the 16 week foetus no 
inclusions could bo seen in the lingual epithelium, but m the other 
foetuses and infants some inclusions, similar in appearance to those 
found m smears, wore present in some of the most superficial epithelial 
cells The inclusions were least numerous in the 28 week and 30 week 
foetuses Fig 0 shows the characteristic appearances and situations 
of the inclusions 


Incidence of inclusions 

Altogether oier 100 healthy babies have been swabbed Samples 
were taken in two hospitals m Nottingham and two in Edinburgh 
The ages of these infants varied from the time of birth to 11 days 
Nino infants were swabbed at birth, C of them following Cresarean 

Table I 


Incidence of cells containing inclusion bodies tn 
four groups of new born infants 


Hospital 



No of infants In each Incidence group * 

infants 

0 

± 

+ 

++ 

+ + + 

Pharyngeal smears 







A (Nottingham) 

18 

0 

2 

6 

3 

7 

B (Nottingham) 

21 

u 

6 

4 

6 

7 

C (Edinburgh) 

16 

u 

3 

3 

6 

5 

Total 

65 

o 

10 

18 2 

(per cent) 

13 

23 6 

(per cent) 

13 

23 6 

(per cent) 

19 

34 6 

(per cent) 

Tongue smears 



1 

3 7 

(per cent) 

1 

37 

(per cent) 

8 

29 6 

(per cent) 


A (Nottingham) 

27 

0 

17 

63 0 

(per cent) 


• 0 = <1 per cent of cells affected ± = 1 5 rer cent + = C 10 per cent ++ = 11 20 per 
cent + + + =• over 20 per cent 


section In all the infants, including those delivered by Cfesarcan 
section, inclusion bodies have been found m \arymg proportions of 
the phalangeal epithelial cells An attempt was made to determine 
the percentage of cells affected in each smear, but it was not possible 
to obtain accurate figures owing to the irregular distribution of the 
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affected cells and to the frequent occurrence of the cells in sheets or 
clumps. However, the children were grouped according to the 
percentage of cells affected—under 1 per cent., 1-5 per cent., 6-10 per 
cent., 11-20 per cent, and over 20 per cent, of the epithelial cells 
affected. The results gave a fairly good indication of the variation 
in incidence from infant to infant. Table I shows that there is no 
great variation in the incidence of inclusions in children in different 
hospitals but emphasises the wide variations that may occur from 
infant to infant. It also shows the higher incidence of inclusions in 
tongue smears. In 8 infants smears were taken on two or more 
occasions ; it was found that each infant tended to maintain about 
the same incidence of affected cells over the period of observation, 
but some exceptions occurred. 

To determine whether there was any relation between the presence 
of inclusion bodies in the mother and her infant, a group of mothers 
and babies were swabbed and table II shows the results. It will be 

Table II 


Incidence of 'pharyngeal epithelial cells containing inclusion bodies in 
a group of infants and their mothers 


Infant 

Age (days) 

Incidence of inclusions 
in infant * 

Incidence of inclusions 
in mother * 

1 

9 

± 

± 

2 

9 

± 

± 

3 

10 

+ 

+ 

4 

II 

+ + 

-f *f 

5 

H 

+ + 

4 - 4 - 

6 

8/24 

+ 

± 

7 

7 

+ 

± 

8 

S 

+ 

± 

9a 

8 

+ + + 


96 

8 

+ + 

4 - 4 - 

10 

8 

+ + 

± 

11 

5 

+ + 

± 

12 

3 

+ + + 

± 

13 

6 

+ + + 

± 

14 

8 

+ + + 

+ + + 

± 

15 

3 

± 

16 

6 

+ + + 

± 

17 

6 

+ + + 

0 


* 0 = 0 in 300 cells; ± = under 6 per cent.; + = 6-10 per cent.; ++ - 11-20 per cent.; 
+ + + ** over 20 per cent. 


seen that inclusions were much scarcer in the mother and there is no 
clear evidence of relationship between the number of affected cells in 
mother and infant. , 

Table HI shows the relative incidence of inclusions in throat an 
tongue of groups of infants. There is a distinctly higher incidence 
in the tongue than the throat. Examinations made in a group o 
12 adults gave similar findings, the mean percentage of affected ce s 
in smears from the throat being 5-3 and from the tongue 13-0. 
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Tic 5 —-Pharyngeal smear from 
four dnj old infant show ing 
inclusions in a number of cells 
including tlirco with the mclu 
won clos,o to the nucleus Tho 
nucleus is indented m one of 
these cells Ycid hrcrnnlum 
pliloMn tnrtrnzinc X 530 


Fio 4 —Phnrvngcnl smear from 
two dnj old infant showing 
numerous inclusions through 
out n clump of epithelial cells 
.Acid h‘omnium plilovin tartrn* 
zme x 530 






Tic 0 —Section of tongue of 
new bom infant showing cjto 
plasmic inclusions m the surface 
lajer of cells Iron hsema 
toxj lin phloxin tartrazme 
X1000 
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Discussion 

Cytoplasmic inclusion bodies in the pharyngeal epithelium from 
cases of neonatal pneumonitis have been described by Adams and his 
colleagues (1942, 1948a, 194S6) and in adults, often associated with 
mild upper respiratory tract infection, by Broadhurst and her co- 

Tahle HI 


Incidence of cells containing inclusion bodies in smears from 
mouth and throat in 16 new-born infants 


Infant 

Affected coIN—throat 
(per cent) 

Affected cells—tongue 
(per cent) 

1 

5 

18 

2 

S 

24 

3 

9 

17 

4 

9 

34 

6 

10 

9 

0 

10 

21 

7 

10 

25 

8 

11 

18 

9 

12 

41 

10 

13 

4 

11 

15 

20 

12 

15 

31 

13 

IS 

10 

14 

20 

51 

16 

28 

31 


Moan = 12 9 

24 0 


100 cells examined in each smear 


workers (1930, 1943) and by de Borardinis (1948). These workers 
have been inclined to regard the inclusions as evidence of virus infection 
and Broadhurst and her colleagues (1938) claim to have infected 
monkeys, chick embryos and tissue cultures with material (including 
filtrates) from “ carriers 

The inclusions described by these workers are indistinguishable 
in size, shape and staining characteristics from those found in the 
present investigation and it seems highly probable that they have the 
same origin. They have, however, been found not only in all infants 
examined but also in infants at birth delivered either by Caesarean 
section or naturally, and in stillborn infants whether premature or 
full term. They have also been found in 31 of 32 adults examined. 
Sections show these inclusions in the most superficial epithelial layers 
of the mucous membrane, usually with a patchy distribution. These 
results indicate that a viral origin for the inclusions is very improbable, 
for this would imply a universal prenatal infection of infants, limited 
to the most superficial layers of stratified epithelium. Moreover a 
satisfactory alternative explanation is available. 

The cells of the stratum granulosum of the skin contain large numbers 
of granules (keratohyalin) and a few are also found in the most super- 
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ficial cells of the Malpighian layer. These granules stain in the same 
way as the inclusion bodies under discussion. It is probably significant 
that Mallory (1938) refers to a nigrosin technique for staining these 
granules and nigrosin has also been found useful for the pharyngeal 
inclusions. In the mouth and throat the stratum corneum is normally 
absent and a rudimentary stratum gramdosum lies close to the surface. 
It seems probable that the cells found in smears to contain inclusions 
come from this layer. 

Ludford (1924-25) claimed that in the Malpighian Layer of mouse 
skin the nucleoli were extruded into the cytoplasm where they swelled 
and fragmented to form keratohyalin granules. The earliest change 
described by Ludford was the appearance of one or two nucleolar 
extrusions in the cytoplasm close to the nucleus, sometimes con¬ 
spicuously indenting the nucleus. These appearances correspond very 
closely to those found in tongue smears. The nucleoli show the same 
staining characters as the inclusions. It would seem reasonable to 
explain the inclusions as an early stage in the formation of kerato¬ 
hyalin possibly resulting from nucleolar extrusion. 

With regard to the reported finding of inclusions in chick embryos 
and tissue cultures inoculated with throat material it may be noted 
that Goldsworthy and Moppett (1935) and D’Aunoy and Evans (1937) 
have described inclusions in chorio-allantoic membranes not inoculated 
with viruses. Drew (1922) found that embryo skin cultures after 
5-6 days began to show signs of keratinisation and Levis (1922) 
described nucleolar extrusions in old tissue cultures of endothelial 
cells. Fischmann and Russell (1940) also described intra-nuclear 
inclusions developing in tissue cultures of human foetal Ieptomeninges 
and in fibroblast cultures from human foetal lungs. In some preliminary 
tissue cultures carried out in the present work large spherical inclusions, 
one or two to a cell, were found in some of the cells of rabbit corneal 
epithelium after 7 days’ tissue culture. These various reports suggest 
therefore that inclusions such as those described by Broadhurst in 
tissue cultures are to be found in normal cells. 


SUMMAKY 

1. Cytoplasmic inclusion bodies have been found in the squamous 
epithelium of the mouth and throat of all new-born infants examine 
(over 100). Thej T were also found in premature stillbirths and in 
live infants at the time of birth delivered naturally or by Caesarean 
section. 

2. Histological examination showed that the inclusions uere 
confined to cells in the most superficial layers of the mucous mem mane. 

3. The inclusions were found in 31 out of 32 adults, but m muc i 

smaller numbers. „ . , . , 

4. There is no relation between the numbers of inclusions i 

in mother and new-born infant. 
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5. The inclusions arc inoro numerous in tongue smears than in throat 
smears and in adults it maj* be difficult to find them in the throat. 

G. These results differ from those of previous workers who found 
inclusions in a limited number of infants or adults and related their 
incidence to the presence of neonatal pneumonitis or, in adults, to 
mild tipper respiratory tract infection. 

7. Reasons are given for suggesting that the inclusions are derived 
from nucleolar extrusions produced at an early stage in the natural 
ageing of the epithelial coll and may be regarded as an early stage in 
keratohyalin production. 

I wish to oxpress my indebtedness to Dr A. P. M. Page for drawing my 
attention to the pneumonia epidemic that initiated this investigation and to 
thank Dr J. B. Cochrane, Professor Richard Ellis and Dr Mary I. Gibson for 
allowing access to clinical material, and to Dr Agnes McGregor for sending 
autopsy material. Thanks aro also duo to Professor T. J. Mackio for providing 
laboratory facilities during part of this investigation and to Dr R. G. Mitchell 
for obtaining smears from babies nt Caesarean section. I also wish to express 
my appreciation of the skill of Mr T. C. Dodds of Edinburgh University Pathology 
Department, who is responsible for tho photographs, with the exception of 
fig. G for which I liavo to thank Mr P. H. Johnson of Nottingham. 
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THE OCCUR,RENCE OF TWO DISTINCT CAPSULAR 
ANTIGENS IN H. INFLUENZM TYPE e STRAINS 

G. 51 . Williamson and IC. Zennejiann 

Department oj Bacteriology, School of Medicine, Leeds 

In Novembcr-Decomber 1048 six capsulated strains of Hccmophilus 
influenza:, requiring both tlio X and V factors, growing as mucoid 
colonics and showing iridescence on Levinthal agar plates, were 
isolated from pomasal swabs of cliildrpn suspected of having whooping 
cough, and found to bo untypablo with the six specific type antisera 
a-f prepared in this department in 1942. All six typo antisera were 
re-tested with tho stock strains of these six H. influenza: types and 
found to give a specific precipito-agglutination with tho homologous 
strain using tho alido and tube agglutination tests ns carried out in 
this department (Allison, Gordon and Zinnemann, 1943), as well as 
producing a specific " capsule swelling ” or Neufeld effect. 

It was thought at first that a hitherto unknown typo had been 
isolated. However, when tho strains wore tested with a set of antisera 
made in tho Commonwealth Serum Laboratories, Melbourne, Australia, 
it was found that tho Australian type 0 antiserum agglutinated these 
strains and our stock type 0 strain. This discrepancy seemed worthy 
of investigation as with our own type 0 antiserum we had been able 
to identify one other typo 0 strain from a similar case during the same 
period. 

Experimental 

Accordingly, two rabbits were immunised with two of the freshly 
isolated strains (Ho. and lb.) and after titres of 1 in 320 and 1 in lOO 
respectively were attained tho rabbits were bled and the sera pooled. 
All six strains as well as the type e stock strain gave a precipito- 
agglutination with this new antiserum, labelled hereafter HI; our 
original typo 0 antiserum will be referred to as e 1942. In the tube 
agglutination tests these same seven strains gave a precipito-agglutiria- 
tion in serum dilutions of 1 in 80, with marked disc formation in the 
1 in 10 and 1 in 20 dilutions. Table I shows the results of the cross 
Neufeld tests. 

The cross Neufeld reactions suggested that the six newly isolated 
strains possessed an antigen component, probably on the surface, 
which was absent in the stock type e strain, and that the corresponding 
antibody was absent in our type c 1942 antiserum. To confirm this 
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supposition the e 1042 antiserum was absorbed with the lb. strain 
of the freshly isolated group and the HI antiserum absorbed with 
our stock type e H. influenzce strain. The absorbed antisera were 

Table I 


Cross Ncufcld tests with six freshly isolated and stock 
type c H. influenzfe strains 


Strain 

e 1942 antiserum 

Melbourne type e 
antiserum 

HI antiserum 

Ba. 

0 

2 + 

3 + 

Ga. 

0 

l~r 

3 + 

He. 

0 

2 + 

3 + 

Ib. 

0 

1 + 

3 + 

Ma. 

0 

2-i- 

3 + 

Me. 

0 

2 + 

34* 

Stock e . 

3 + 

2-{- 

3+ 


34- = capsular diameter twice bacterial width. 2+ = capsular diameter equal 
to bacterial width. 1+ = capsule visible but diameter less than bacterial width. 
0 = no capsule visible. 


then tested against five of the freshly isolated strains—one of the 
six strains having meanwhile passed into the rough phase—against 
four similar strains isolated during the course of the investigation, 
and against the stock type e strain. 

The e 1942 antiserum was completely absorbed by the lb. strain 
and gave after absorption no precipito-agglutinations with any strain 
tested in serum dilutions greater than 1 in 10. The HI antiserum 

Table II 


Precipito-agglulmation litres of HI antiserum absorbed 
■with stock type e strain 


j Strain 

Dilution of absorbed HI antiserum 

1:10 

1:20 

1:40 

1:80 

1: ICO 

1:320 

Ba. 


34- 

34- 

(4-) 


0 

0 

Ga. 

• 

3 + 

34- 

24- 


0 

0 

Ib. 


1 + 

14- 

14- 

1 + 

1 + 

0 

Ala. 


14- 

24- 

24- 


0 

0 

Me. 


2-i- 


14- 

1 + 

0 

0 

Jo. 


24 - 

34 - 

24- 


0 

0 

5S92 . 


34 - 

34 - 



0 

0 

Bl. 


34 - 

34 - 

14- 


0 

0 

10I6S . 


34 - 

34 - 

14- 

0 

0 

0 

Stock e 


0 

0 

0 

0 

0 



3-L = disc formation tit bottom of tube. 2-7- — large floccules. 1 , 

floccules. (-r) = fine granules. 0 = no agglutination. 


absorbed with the type e stock strain gave well marked though reducer 
precipito-agglutination titres with the freshly isolated strains, but no 
with the stock type e strain, as shown in table II. 




























CAPSULAR ANTIGENS OF H. IXFLUEXZ/E 007 

Tho HI antiserum absorbed with tho stock type o strain gave 
“capsule swelling” 1+ with the freshly isolated group of strains 
but not with the stock type o strain. The o 1942 antiserum absorbed 
with the lb. strain gavo no visible Neufcld reaction with either the 
freshly isolated group of strains or the stock type e strain. 

The question then aroso whether a somatic antigen was perhaps 
involved in the phenomenon observed. Fortunately an antiserum 
against tho He. strain in the capsulated phase bad been prepared 
before tho strain passed into the non-capsulnted phase. This serum 
also constituted one of the two components in the pooled HI antiserum. 
This Ho. antiserum when absorbed with the non-capsulated He. strain 
continued to give a precipito-aggiutination to titre with the freshly 
isolated strains. When further absorbed with type e stock strain this 
twice absorbed serum was found not to differ from the HI antiserum 
absorbed with type e stock strain. There can be little doubt that 
the freshly isolated strains possessed a capsular antigen component 
additional to tho one present in our stock strain. 

Discussion 

A similar observation had been mado earlier by one of us, when 
a mucoid II. influenza: strain isolated from a bronchial secretion 
could not bo typed at first, but gavo a very woll-dofined and specific 
precipito-aggiutination with our e 1942 antiserum after subculture 
on chocolate agar for some time. As the significance of this isolated 
observation was not lealised at the time tho strain was reported as 
type e without giving any further details (Allison el al.). This observa¬ 
tion was made whon the o 1942 antiserum had been newly prepared, 
and indicates that tho absenco of the additional antibody- in the e 
1942 antiserum in tho year 1950-51 is not due to a slow deterioration 
of the scrum during the course of years. It seems probable, though, 
that this strain lost the additional antigen during prolonged sub¬ 
culture on laboratory media and that tliis change eventually- enabled 
us to determine tho strain ns type e. 

There are some isolated references in the literature to untypable 
strains (Straker, 1945 ; Smith, Wilson and Hodes, 1946 ; Weinstein, 
1946). Neither Straker nor Weinstein appears to have had a complete 
set of type antisera. It is clear, however, that Smith ct al. did have 
a complete set; one may- speculate whether their strain was a non¬ 
capsulated one or whether our observations explain their failure to 
type it. 

The ten freshly isolated type e strains in which the additional 
antigen was observed grew as very mucoid colonies and with tho 
exception of one strain have retained this characteristic for more than 
two years. During this time the precaution was taken to subculture 
on thick chocolate agar plates and in defibrinated rabbit’s blood. 
The exception referred to was strain He., which passed into the rough 
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phase before completion of this investigation. It has not been possible 
to obtain reversion of this strain into the smooth phase by twelve 
consecutive subcultures in 10 per cent. anti-R-serum-Levinthal-broth. 
The stock B. influenzce type e strain corresponding to the e 1942 
antiserum has varied between a smooth, not very mucoid and an 
excessively mucoid phase and vice-versa. In both phases precipito- 
agglutination and “ capsule swelling ” were obtained with the e 1942 
antiserum. This behaviour would appear to rule out the loss of an 
antigen component peculiar to the mucoid phase. The M—>S 
variation postulated by Chandler et al. (1939) obviously does not 
play any part in the phenomenon observed. 

It remains to label the two distinct capsular antigens. As the 
antigen present in the freshly isolated strains is probably the more 
superficial one we propose to designate this the “ H. influenzce type e 
antigen 1 ”. For the antigen observed in the stock strain and apparently 
also present in a deeper layer of the freshly isolated strains we suggest 
the name “ B. influenzce type e antigen 2 ”. Thus strains may be 
found which possess both the e 1 and e 2 capsular antigens (our freshly 
isolated strains) and others which possess only the e 2 capsular antigen 
(our stock type e strain). 

The type e stock strain and the strain lb. have been deposited with the 
National Collection of Type Cultures, and have been given the numbers N.C.T.C. 
8455 and N.C.T.C. 8456 respectively. 


Summary 

Two distinct capsular B. influenzce antigen components have been 
demonstrated, one (e 2) in a stock type e strain, and the same, together 
with an additional and more superficial antigen (e 1), in some freshly 
isolated strains of type e H. influenzce. 

We should like to express our gratitude to Dr E. A. North for tho gift of 
specific H. influenzce antisera types a-f prepared in tho Commonwealth Serum 
Laboratories, Melbourne, Australia. Our thanks are also due to Mrs 23. Dawson 
and Dr J. W. Czekalowski for the strains isolated from whooping-cough suspects. 
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RENAL LESIONS IN PYRIDOXIN DEFICIENT 
RATS 

L R C Agnew * 

From The liouctt Research Institute, Bucksbum , Aberdeenshire 
(Platls CXXI and CXXII) 

During studies on antibody production m pyridoxin deficient rats 
(Agnew and Cook, 1948 49), sovere luematuna was obsened in several 
animals given a pyridoxin deficient diet but not in corresponding 
litter mates fed the complete diet either in reduced amount (paired 
weighed) or ad libitum A detailed study (Agnow, 1949) was made 
of the mcidonce, duration and severity of the luematuna, since only 
Birch (1938) and Ccrecedo and Foy (1944) have commented on this 
subject This paper describes the renal lesions which were observed 
in most of the rats that had developed luematuna 

Methods 

The animals used wero (1) hooded Lister rats (Rowett Institute strain), 
and (2) albino rats obtained from the Agricultural Research Council Field 
Station, Compton, these were originally bred by Glaxo Laboratories Ltd 
from brother sister matings of Wistar rats Each experiment m the present 
senes involved the use of several tnos of litter mate weanling rats of the same 
sex and approximately the same weight (table I), each trio of animals being 
arranged thus 

rat no 1 (normal control) recened unlimited amounts of the experimental 
diet with all vitamin supplements , 

rat no 2 (pyridoxin deficient) received the diet ad lib with all vitamin 
supplements except pyridoxin, 

rat no 3 (inanition control) was paired weighed with rat no 2 but was given 
pyridoxin i e it received tlio amount of diet required to keep it equal in 
weight to rat no 2 

The synthetic diet contained vitamin free casern, sucrose, fat, salts and purified 
vitamins (see Agnew and Cook) The animals were housed m individual cages 
with wide wire screened bases , they had unlimited access to water and were 
weighed daily, except on Sundays 

Experiment 1 short term deficiency (53 days) Seven trios of litter mate 
hooded rats were used, four of males and three of females These rats had been 
used in studies on antibody production (Agnew and Cook) and each had received 
an intrapentoneal injection of 2 ml of a formolised suspension (“ H ” antigen) 
of Bad typhosum (strain Kasauli) on the 43rd day of the experiment 


* Now McGhie Cancer Research Scholar, Royal Infirmary, Glasgow 
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Experiments 2-5 : long-term deficiency (79-175 days). Seventeen trios of 
litter-mate hooded rats were arranged in dietary groups as shown in table I. 
The reasons for using different fats in experiments 3 and 4 are indicated on p. 702 
•of this communication and more fully discussed by Agnew. 

Table I 


Plan of experiments 


t 

Experiment 

no.' 

Strain of rat 

Xo. 

Trios examined 

Sex 

Fat used t (5 per cent, of 
synthetic diet) 

Male 

Female 

1 

Lister, hooded 

7 

4 

3 

Margarine 

2 


5 

2 

3 


3 

j y 

0 

3 

3 

Lard 

4 


6 

3 

3 

Margarine plus linoleic 






acid (0-75 per cent.) 

5 

Wistar, albino 

6 

3 

3 

Margarine 


* Experiment 1 lasted 53 days i.e. short-term pyridoxin deficiency; experiments 2-5 lasted from 
79-175 days i.e. long-term pyridoxin deficiency. 

t Different fats were used in experiments 3 and 4 for reasons stated in the text and fully discussed in 
•the paper by Agnesv. 

After the rats died, or were killed with coal gas, the heart and kidneys were 
weighed, fixed in 10 per cent, formol-saline or Helly’s fluid, and paraffin sections, 
4-6 n in thickness, were stained with Harris’s lnematoxylin. and eosin. Several 
kidney sections were also stained by Masson’s trichrome method, Weigert’s 
fibrin stain, von Kossa’s silver nitrate method for calcium, and the periodic 
acid-Schiff method. 

Detection of hcematuria. A simple, rapid method devised for the examination 
■of urines for red blood cells has already been fully described (Agnew, 1949, 
p. 219). Filter paper was placed below the cage where urine would fall on it. 
The paper was examined for blood by the naked eye and by the benzidine 
reaction. If this was positive a sample of urine was collected for microscopic 
examination. A negative benzidine reaction was regarded as proof that the 
urine did not contain blood. 


Results 

Experiment 1 ( short-term deficiency). Haematuria was observed in 
4 of the 7 pyridoxin-deficient rats shortly before they and the corres¬ 
ponding controls were killed on the 53rd day of the experiment. 
Haematuria was not observed in any of the control rats. Macro- 
scopically, the kidneys of the pyridoxin-deficient rats appeared normal. 
]\Iicroscopically, however, abundant deposits of amorphous, faintly 
eosinophilic material were present in the subcapsular spaces of 5 o 
the 7 pyridoxin-deficient rats. From 25-50 per cent, of the subcapsular 
spaces were involved in 2 of these rats, and about 10 per cent, in tie 
remaining 3 rats. Only in one of the 7 inanition control rats were 
comparable deposits seen, about 10 per cent, of subcapsular spaces 
being affected ; in this animal several red cells were present in a ev 
of the tubules of the renal papilla. Reduced intake of foo may 
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render a rat raoro tlmn noimally sonsitiv o to lack of pyuidoxin (Agnew, 
1049, p 230), and it is possible that pyridoxin deficiency may hare 
been brought about m some unknown w ay m this animal Hrematuna 
"as not observed m this animal hut it could have been missed if it 
began only a few hours before death 

Tig 1 suggests that the subcapsular material is derived from 
blood that has leaked through the glomerulus Eed colls were not, 
how c\ er, obsei v ed m the subcapsular spaces, and examination of one 
oi two sections with Woigert’s fibim stain indicated that the deposits 
were not fibrin The deposits were not birefringent The material 
seems to pass into the proximal tubnlo (fig 1) and thence through 
the entiro nophron In tins short term oxponment, these subcapsular 
deposits were the only' obv ious renal lesions, apart from the red cells 
m the tubules of the one mnmtion control already mentioned Thus, 
the earliest lesion in a pyridoxin deficient rat with luematuria appears 
to bo ono affecting the glomerular filter, and this lesion may be 
responsible for the amorphous material found m the subcapsular 
spaces, and the red cells found in the unno 

Four of the fl pyridoxin deficient rats whose kidneys showed 
subcapsular deposits developed hrematuna The luematunas obsorved, 
however, wero of recent origin and luematuria occurring undetected 
a few hours before death may have been the explanation of tins 
apparent discrepancy 

Experiments 2 0 (long term deficiency) Macroscopically', scarring 
and pitting were observed in the kidneys of soveral of the pyridoxin- 
deficient hooded rats that had protracted haimaturia (table H, 
experiments 2 4) These lesions were not seen in the kidney's of the 

Table II 


Incidence and duration of liarmatuna and of naked eye renal lesions 
in pyridoxin deficient rats of experiments 2 5 


Lxpt 

no 

Strain 
of rat 

Incidence ofl imatuna 

Duration < f 1 xmaturia 
(dajs) 

Incidence of naked eje 
renal lesions 

No with 

1 x m.atu rln 

No of 

P> n loxin 
deAdent 
rat? 

Itanfcc 

Vnti metic 
mean 

No with 
lesions 

No of 
pyridoxin 
deficient 
rata 


Lister, 

5 

0 

7 147 

92 

4 

5 


hooded 







3 


G 

G 

71 115 

98 

1 

G 

4 

, 

G 

G 

2 G1 

35 

4 

6 


Wistar, 

0 

G 



0 

G 


albino 







Totals for Lister 

17 

17 



9 

17 

hooded rats 

100 per cent 




53 per cent 



pywidoxin deficient albino rats (table II, experiment 5) Deposition 
of yellowish cretaceous material at the tip of the renal papilla was 
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noted in a few instances, and this was verified histologically. Hydro¬ 
nephrosis was noted in one rat. Possibly the hydronephrosis resulted 
from partial or intermittent obstruction of the ureter by a piece of 
this material. The affected kidney was large and pale, and clear 
fluid escaped from the greatly dilated pelvis when the kidney was 
sliced. Scarring was not observed in any of the control rats except 
in 2 of the ad lib . control rats that had received a linoleic acid supple¬ 
ment (table I, experiment 4). Both of these rats and 3 others given 
the linoleic acid supplement developed severe hsematuria and renal 
lesions similar to those described below. It is likely that the supple¬ 
ment of crude linoleic acid had a toxic effect on the animals, or adversely 
affected the pyridoxin content of the diet. These possibilities are 
more fully discussed by Agnew. 

Microscopically, examination of the scarred and pitted kidneys 
confirmed the suspicion that the naked-ej^e appearance was the 
result of fibrosis. In the kidneys without macroscopic lesions, however, 
areas of early fibrosis were seen. More severe fibrosis, with tubular 
dilatation, is shown in fig. 2. Areas of tubular dilatation unassociated 
with obvious fibrosis were present in a few kidneys, and fig. 3 shows 
an example of this in the medulla. Tubular dilatation without 
associated fibrosis may have been caused by tubular atrophy. Another 
possibility is distal obstruction, especialfy as “ calcification ”, i.e. 
deposition in or around the kidney tubules of cretaceous material 
characteristically stained by hsematoxylin and rendered black by the 
von Kossa silver nitrate stain, and destruction of the papilla tip were 
noted several times. The papilla-tip lesion is shown in fig. 4 which 
may be compared with the normal appearance of a papilla tip shown 
in fig. 5. An identical papillary lesion was reported in the kidneys of 
essential fatty acid-deficient rats (Borland and Jackson, 1031), and 
as hsematuria has often been noted in such rats ( e.g. by Burr and Burr, 
1930, and Birch, 1938) it seemed possible that essential fatty acid- 
deficiency might have been a factor in the present experiments. 
However, as none of the inanition or ad lib. control rats used m 
experiments 2 and 3 developed hsematuria, and as 5 per cent, margarine 
and 5 per cent, lard had been used respectively in these experiments, 
it is unlikely that an essential fatty-acid deficiency was actually 
responsible for the lesions observed in the present experiments. 
Marked deposition of some calcium-containing compound was often 
noted in the kidneys of the pyridoxin-deficient hooded rats, and uas 
usually cortico-medullary in distribution (fig. 6). The significance o 
deposition of calcium compounds in the kidney, however, must e 
interpreted with care as it may occur in normal control or stnc v 
animals. Calcium deposition was frequently observed in many o ie 
control rats in the present experiments but, with the exception o one 

animal, was never so marked as in fig. 6. _ 

Severe pyelonephritis was observed post mortem in two pyri oxm 
deficient rats, 1 hooded and 1 albino. Gross erosion, destruction, and. 




Fio 1 —Kidney of pyridoxin deficient rat, 
showing deposits in Mibinpsulnr spates and 
proximal tubule Periodic acid Sehiff 
X 270 


I io 2 —Kidnoy of pjridoxm deficient 
rnt, shotting areas of fibrosis and 
tubular dilatation Tho kidney surface 
is puckered o\er tho affected areas 
Hreinntoxylm and eosin X 55 



Fio 3 —Kidney of pyridoxin deficient 
rat, showing tubular dilatation in 
medulla HsematoxyUn and eosm 
X 90 



Fia 6 —Kidney of pyridoxin deficient 
rat shotting calcium deposition in 
tubules of cortico medullary region 
von Kossa X 50 
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neutrophil infiltration of the papillm were present, these lesions were 
quito different from those described abo\e Tig 7 shous an affected 
tubulo containing a neutrophil cast In two other pjTidovm deficient 
rats, both hooded, a feu neutrophils w ere seen in an occasional tubule 
in the icnal papilla, and a diagnosis of mild pyeloneplmtis Mas 
made Although several of the pyridoxin deficient hooded rats 
of the long term experiments 2 4 had soi ere luematuria at the 
time of death, only' an occasional subcapsular space m the kidneys 
of tlieso animals contained the amorphous material that Mas the 
outstanding lesion in the pyridoxin deficient hooded rats of the short 
term experiment 1 

Arteriosclerotic le-uons hare been descnbed in pyridoxin deficient 
monheys bv Rinehart and Greenbeig (1940) Blood piessures Mere 
not recorded in any of tlio present experiments, but tho ronal and 
cardiac hypertrophy observed in most of the pyridoxin deficient rats 
of both strains (Agneu) suggests that some degree of hypertension 
may' havo been present Artenoseleiotic lesions vveie not, however, 
seen in any of tho blood vessels of the hearts and kidneys examined 

Discussion 

Hicmaturia m pyridoxin deficient rats lias aheady been fully 
dismissed (Agnow) Although liaunatuiia occurred in all tho long¬ 
term pyridoxin deficient hooded rats undei observation (experiments 
2 4, tables I and II), it ua» stiessed in the earher paper that there 
may be great variation m the incidence and time of onset of the 
bleeding It was also observed that although nono of the pyridoxin - 
deficicnt albino rats developed h'omaturia the hearts and kidneys 
of these lats, like tlioso of the pyudoxin deficient hooded rats, were 
Usually' sigiuficantly heavier (g/100 g bodyveight) than those of 
corresponding inanition and ad lib fed controls The degiee of severity 
of pyridoxin depletion, as gauged by the rate of development and 
seventy of acrodyma him skin lesions did not appear to bo the factor 
determining the observed strain diffeienccs in susceptibility to the 
development of hicmaturia 

Although luematuria was not observed m any of the pyridoxm- 
deficient albino rats (experiment 5, tables I and II), a few red blood 
cells m ere detected microscopically in the urine of the ad lib fed and 
inanition control rats of one trio of albinos The rat normally excretes 
protein in the urine (Gdson, 1949), and possibly a greater degree of 
patency' of the glomerulai membrane than noimal might allow the 
escape of an occasional red cell Occasionally, a few red blood cells 
may' be observed in the tubules of normal rats (fig 8) Microscopic 
hasmatuna of variable duration has also been reported m apparently 
normal rats by Cavelti and Cavelti (1945) and by Humphrey' (1948), 
and no significance is therefore attached to the microscopic luematuria 
observed m the albino control rats of experiment 5 Presumably' 
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strain differences were responsible for the failure of the pyridoxin- 
deficient albino rats to develop severe hsematuria. 

Because 4 of the 23 long-term pyridoxin-deficient rats developed 
pyelonephritis, the possibility that the hsematuria and renal lesions 
in the pyridoxin-deficient hooded rats might have resulted from this 
disease has to be considered. Agnew and Cook confirmed and extended 
the observation of Stoerk and Eiseh (1946) that pyridoxin-deficient 
rats showed impaired antibody production, but the poor antibody 
response of these rats to such antigens as sheep erythrocytes or 
a killed culture of Bacterium typhosum does not necessarily mean 
that the rats would be more susceptible to infection. Occasional 
spontaneous abscess formation, however, has been observed in 
pyridoxin-deficient rats, e.g. Agnew and Cook, table 3, trio 16. Urine 
cultures from other pyridoxin-deficient rats with hsematuria failed to 
reveal organisms, e.g. Salmonella enteritidis, which Smadel (1937) 
found to be commonly associated with outbreaks of infective pyelo¬ 
nephritis in stock rats. Examination of the kidneys of the pyridoxin- 
deficient hooded rats of experiment 1 killed shortly after the onset of 
hsematuria did not reveal signs of early pyelonephritis and bacteria 
were not seen in Gram-stained sections. Finally, pyelonephritis was 
noted in one of the pyridoxin-deficient albino rats but hsematuria 
was not observed in any of these, although antibody production was 
probably impaired. The diagnosis of pyelonephritis rested on the 
finding of pus cells in the kidney. The gross fibrosis in several of the 
kidneys might have been, in part, the end result of intercurrent 
pyelonephritis ; if some of these kidneys had been examined earlier, 
pus cells might then have been present and hence more instances of 
pyelonephritis recorded. It seems likely that hematuria, induced 
by deficiency of pyridoxin, caused most of the renal lesions described 
in the present paper, and that pyelonephritis was responsible only 
for the presence of pus cells and possibly, in part, for the gross fibrosis. 

Summary 

Renal lesions were observed in several pyridoxin-deficient rats 
and appeared to be the result of hsematuria. Hasmaturia was not 
observed in long-term pyridoxin deficiency in albino rats although 
the kidneys and hearts of these rats, Hire those of long-term pyridoxin- 
deficient hooded rats, aE of which had hsematuria, were significantly 
heavier (g./lOO g. bodyweight) than those of corresponding inanition 
and ad lib. fed controls. 

The earliest renal lesion detected in hooded short-term pyridoxin- 
deficient rats with hsematuria appeared to be one affecting the patency 
of the glomerular filter. Amorphous, slightly eosinophilic materia 
was deposited in many subcapsular spaces. Protracted liseinaturia 
resulted in gross calcium deposition, especially in the cortico-medul ary 
zone. Deposition of calcium in and destruction of the renal papilla 
were observed in several of these rats. 
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Fig. 4. —Kidney of pyridoxin-deficient rat, 
Allowing calcium deposition in and dost mo¬ 
tion of papilla tip. Tho desquamated 
epithohnl cells present in most of tho 
tubules nro tho result of post-mortem 
change. (Compare normal nppenmneo in 
fig .j). Hicmatoxylin and cosin. x4S. 



Fin. 5.—Longitudinal liemisection of renal 
papilla of normal rat. Hicmatoxylin and 
oosm x 153 



Fig, 7. —Neutrophil cast in tubule 
of kiclnoy of a pyridoxin 
deficient rat Hromatoxylm and 
oosm. x 220. 


Fig. 8. —Kidney of normal control rat showing 
6 red blood cells in a tubule. Hmmatoxylin 
and eosin x 020 
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$o\ cral grossly scnnetl kidney s yv cre obsen cd m pyridoxin deficient 
rats but the nuukcd fibiosis m these kidneys might hayo resulted, m 
put, from intercmrent py cloneplnitis Four obvious examples of 
pyelonephritis yycro obsened m pyridoxin deficient rats but this 
disease is not thought to ha\e caused the Iiammtuua observed m 
22 of 24 pvndoxm deficient hooded rats The significance of pyelo¬ 
nephritis is discussed with reference to antibody production m 
pvndoxm deficient rats 

Part of this work was dono during tho tenuro of a full time Agricultural 
Research Council scholarship I wish to thank Air G Porter and his staff for 
their skilful and careful handling of the animals, Air E A S Rattray for expert 
technical assistance, and Air T Alomco for tho photographs 
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576.809.729 : 576.851 . 31 (Vibrio cholera ) 

AN EXPERIMENTAL STUDY OF THE 
ACTION OF CHOLERA TOXIN 

S. N. De, J. IC. Saiikap. and B. P. Teibedi 
Department of Pathology, Medical College, Calcutta 

(Plates CXXIII and CXXIV) 

The exact pathogenesis of cholera, the classical scourge of Bengal, 
is debatable even to this daj’. Apparently the causative organisms 
remain confined to the lumon of the intestinal tract, with occasional 
access through its epithelium, but not beyond tho basement membrane 
(Wilson and Miles, 194G) and there is a vague belief that the oholera 
evacuations are the result of irritation of the intestinal mucosa by the 
vibrios. More recently Burrows el al. (1944) have endeavoured to 
show that cholera endotoxin greatly increases the permeability of 
isolated strips of intestine from normal guinea-pigs and rabbits. 

Very little attention has been paid to the systemic pathology of 
tho disease, for the extreme dehydration and acid-base imbalance 
resulting from vomiting and dehydration distract the attention of the 
observer. Thus, the oliguria and anuria as well as the kidney changes 
have been attributed to these factors. However, the toxio appearance 
of the cholera patient, the occurrence of cases of cholera sicca with 
profound collapse but few evacuations, and the persistence of anuria 
with death therefrom in many cases that have reached the reaction 
stage, very naturally suggest that tho disease in man is primarily an 
intoxication and that the organisms multiply in the lumen of the 
gut, die, undergo autolysis and liberate their endotoxin which acts 
locally and is also absorbed, producing systemic effects. 

To test this conception, we have studied the pathological effects 
of intraperitoneal injection of a suspension of heat-killed cholera 
organisms into rabbits. Preliminary observations on some of the 
renal changes have been communicated to the first annual conference 
of the Indian Association of Pathologists. 


Methods 

(a) Preparation of the toxic material. Freshly voided freces of a typical 
patient seized with cholera at the commencement of an epidemic was seeded 
directly on a McConkey’s plate which yielded a pure culture on twenty-foiir 
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hours’ incubation. The organism -was tested for its reaction to Gram staining, 
motility, sugar reactions, haemolysis and agglutination and was identified as 
an Xnaba strain of Vibrio cholerce. From the plate several nutrient broth tubes 
were inoculated ; the latter were then used to inoculate an agar medium prepared 
in Roux flasks. Each of these second subcultures, after incubation for 24 hours, 
was washed with sterile normal saline, pooled and centrifuged to throw down the 
bacteria. The bacterial deposit was suspended in an equal volume of sterile 
normal saline and the number of bacteria per c.mm. was counted with the 
help of a hsemocytometer, using warm dilute carbol fuchsin as the diluent, and 
was found to be 100 million organisms per c.mm. The suspension was then 
sterilised by heating it in a water bath at 56° C. for 15 minutes and two control 
broth tubes were inoculated from it to confirm its sterility. This short exposure 
is sufficient to lull Vibrio cholerce (Kitasato, 1888-89) and might be expected to 
interfere little with the toxicity of the preparation. The suspension was stored 
in the refrigerator and used as the toxic material whenever required. Before 
use, however, it was warmed in the incubator for 15 minutes and then given a 
thorough shaking. It is obvious that it contained the bacterial bodies and their 
endotoxin although we refer to the preparation as “ cholera toxin An emulsion 
of heat-killed typhoid bacilli has been designated “ typhoid toxin ” in a similar 
sense. 

For ascertaining the toxicity of the suspension, healthy male rabbits, 1 to 
1-5 kg. body weight, were employed. As rabbits are known to store extra water 
in the tissues (Cameron and Courtice, 1946-47) they were given no water for two 
days and no food for one day before the experiments. By trial it was found 
that an intraperitoneal dose of 1 c.c. per kg. of the suspension regularly killed 
the animal in about 2 hours. This appeared to be the minimum lethal dose. 
Toxicity was maintained in the refrigerated suspension for 4 months. 

(b) Experimental procedures. Seven animals received a minimum lethal 
dose of the toxic preparation (1 c.c. per kg.). Haemoglobin percentage, R.B.C. 
count and hsematocrit value of blood obtained from the ear veins were estimated 
half-an-hour before and every half-hour after the injection of the toxm. 
In moribund animals, blood samples were collected before the completion of 
the last half horn or terminally by cardiac puncture. About 0-5 c.c. of blood 
was run into test tubes containing double oxalate as anticoagulant and was 
mixed gently. Haemoglobin percentage was determined with a Hellige neoplan 
hcemoglobinometer, red blood cells were counted with a Neubauer hfemocyto- 
meter and packed cell volume was measured by spinning in a pair of Vi introbe s 
capillary hsematocrit tubes for half-an-hour at 3000 r.p.m. Blood pressure 
was recorded from the central artery of the ear by means of a Grant capsule 
(Grant and Rothschild, 1934) just before the blood samples were collected. 

A post-mortem examination was made immediately after death and ui 
from the peritoneal cavity was collected, measured and centrifuged. A smear 
from the deposit was stained with Leishman’s stain and the nature of the ce s 
was ascertained. Prof. H. Saha kindly examined the supernatant fluid 1 s 
total protein content by the photoelectric method of Greenberg. Tissues rom 
the heart, lungs, liver, kidneys, suprarenal, stomach, small intestine, arge 
intestine and appendix were fixed immediately in 10 per cent, formo sa me, 
embedded in paraffin and sections were stained with Ehrlich s acid hsematoxj in 


and eosin. . ' . 

One kidney from each animal was removed, together with its fat y capsu , 
after the pedicle had been tied to avoid loss of blood. After fixing in ormo 
saline for 24 hours it was bisected along the convex border. t was 
further fixed for about a week, when 100 g thick frozen sections were ^a 
parallel to the cut surface and stained by Lepehne-Pickworth s me iof 
showing up the blood vessels. This method has been often used by one o 
(De, 1950) and by other workers (Campbell et al., 1938 ; Blackwoo , 
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Fio 1 —Macroscopic appearance of cut surfaco of rnbbit kidnej , {a) from nmmal 
M Inch rccoit cd I m I cl of cholera toxin, showing pallor of tlio cortex and congestion 
of tho medulla and (b) from control nmmnl show mg uniform nppenrnnco of cortex 
and medulla 



Fid 2 —Vascular pattern of parts of cortex, medulla and boundary zono of kidney 
from a rabbit which recened 1 mid of cholera toxin mtrapentoneally Tlio 
cortical glomeruli are ischremic and ghost liko in appearance Tlio juxta medullary 
glome rub arc distinct and parallel Closely set vessels (\ evsa recta) are prominent 
in the medulla Frozen section—100 ft thick Pickworth 8 stain X 15 
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Ho. 3.—Vascular pattern of parts of cortex, medulla and boundary zone of kidney 
from a control animal Both tho cortical and juxta-medullnry glomeruli are 
distinct. Vasa recta in tho medulla do not appear to bo so prominent or so closely 
set. Frozen section—100 u thick. Pick*ortli’s stain, x 15. 
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for the demonstration of pathological changes m the ■vascular pattern of tho 
brain 

Tho abo\o techniques wero employed with animals which received — 

(1) subletlinl doso of cholera toxin (0 75 c c per kg ) intraperitonealij — 

5 animals 

(2) high fatal doso of cholera toxin (5 cc per kg) intraperitonealij—* 

5 animals 

(3) sublothnl do e of typhoid ioxin (1 cc per )g of 300 millions of 

organisms per c mm )—5 animals 

(4) high fatal doso of typhoid to\m (3 cc per kg of 300 millions of 

organisms per c mm )—5 animaU 

(G) sterile hj pertonic glucoso (10 c c per 1 g of GO per cent solution) 

subcutaneous!* in the thigh—o animals 

(6) sterile normal saline (Ice per kg ) mtrapentonealh—3 animals 

Those animals which survive I more than two hours were Idled with 
chloroform 3 hours after tho injection and their organs were studied macro 
scopicallv and microscopical!} 

In order to trace tho path of distribution of fluid leaving the blood vessels, 
4 c c of a 2 per cent solution of Evans blue m normal saline stcrdised bj steam, 
was injected into tho oar vein of two pairs of rabbits (Scnov iratne, 1948) One 
of the pairs had rccoiv ed 1 c c per kg of tho cholora toxin into tho peritoneum 
one hour beforehand, while the other had receiv ed tho same doso of normal sahno 
and served ns a control Tho dje behaves like scrum albumin in so far as the 
permeability of membranes is concerned (Rawson, 1942 43) The animals were 
killed with chloroform 45 minutes later and tho distribution and tho density 
of the blue colour were studied in all instances 


Results 

(1) Experiments with cholera toxin 

The blood pressure changes and the kscmatological findings of the 
7 rabbits which died within 2 hours of injection of 1 c c per kg of 
the emulsion of cholera vibrios are summarised in the table There 
was progressive fall of blood pressure, which commenced within half 
an hour after the injection and continued till death The haemoglobin 
percentage did not rise till one hour after the injections when the 
red blood cell count and packed cell v olume also show ed a corresponding 
increase 

About 5 6 c c of peritoneal fluid was obtained post mortem from each animal 
It was clear or slightlj cloudj and m one case was frankly sanguineous In 
two animals there was evidence of clotting in the form of a thin film within 
the fluid Tho centrifuged deposit disclosed m all animals a preponderance 
of red blood cells (minimum 90 per cent) a few mononuclear cells (7 per cent) 
and fewer polymorphs (maximum 3 per cent) The protein content of the 
supernatant fluid from two animals which showed colourless peritoneal exudate 
was 3 8 per cent 

Besides fluid m the peritoneum and some congestion of the 
abdommal organs the small intestine was found to bo soft and 
cedematous and it contained a little pale jelly like fluid, while the 
large intestine often contained hard scjbalous fiecal matter When 



Table —Summary of results 


Time Interval 

B.P. 

(mm. Hg.) 

Haemoglobin 
(per cent. 
Hcllige) 

Red cell count 
(millions 
per c.mm.) 

Packed cell 
volume 
(per cent.) 

Effect of intraperitoneal injection of 

a lethal dose (1 c.c. per kg. B.W.) 

cholera toxin (means of 7 animals) 


J hour before injection 

69 

mm 

7-2 

37 

| hour after injection 

60 


... 

... 


42 


8'4 

39 

1| hours „ „ 

30 

1 1 

... 


9 

^ ft f* tt 

15 

■J 

8-1 

40 

Effect of intraperitoneal injection of a sublethal dose (0-75 c.c. per kg. B.W.) 

cholera toxin (means of 5 animals) 


A hour before injection 

60 

110 



A „ after injection 

40 

114 


... 


30 


... 

... 

1A hours „ „ 

55 

108 

... 


Effect of intraperitoneal injection of heavy lethal dose (5 c.c. per kg. B.W.) 

[ cholera toxin (means of 5 animals) 


A hour before injection 

60 

116 


... 

A „ after injection 

20 

118 




17 

125 



H hours „ 

dead 

1 



Effect of intraperitoneal injection of 1 c.c. per kg. B.W. normal saline 
(means of 3 animals) 

A hour before injection 

65 

97 

5-8 

34 

A „ after injection 

68 

95 

6'2 

34 


65 

97 

1A hours „ „ 

63 

95 

... 

33 


00 

93 

5-9 

3 St St St 

60 

93 

... 



Effect of subcutaneous injection of 30 c.c. per kg. 60 per cent, glucose 
(means of 5 animals) _ _ 


l hour before injection 

1 „ after injection 

1 it l» it * 

1A hours „ „ 

2 i» tt it 

O »> 1* tt 

71 

70 

51 

60 

63 

51 

95 

103 

110 

116 

122 

6-1 

6- 73 

7- 5 

9-6 

33 

36 

41 

43 

Effect of intraperitoneal injection of a heavy lethal dose (3 c.c. per kg. B.W.) 
typhoid toxin (means of 5 animals) 

A hour before injection 

A „ after injection 

1 tt it rt • 

1A hours „ „ 

o“ 

" tt tt »> 

63 

58 

20 

16 

... 

105 

100 

106 

108 

106 

6-5 

6-7 

6-3 

6-3 

6-8 

35 

34 

34 

35 

34 

Effect of intraperitoneal injection of sublethal dose (1 c.c. per kg. B.1A .) ; 

typhoid toxin (means of 5 animals) ____—) 

1 hour before injection 
i „ after injection 

1 it a *t 

1A hours „ >, 

2' „ .. 

62 

40 

40 

20 

52 

100 

102 

104 

98 

102 

... 

t 

... , 

i 

! 

j 

... { 

] 
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the kidneys were split along their convex border, their cut surfaces in 
six rabbits disclosed an extremely pale cortex while the medulla and 
the boundary zono appeared a dark, dusky red colour (fig. la). We 
were reminded of the coloured diagram of cholera kidney depicted 
by Do and Chatterjeo (1935), of the appearance of the kidney of 
traumatic anuria illustrated by Bywaters and Bible (1942) and of 
the kidney appearance obtained after stimulation of nerves by Trueta 
et al. (194G). 

Definite microscopic changes were found in the following organs. 

Kidney. Piokworth’s stain showed ischremia of the cortical 
glomeruli and poor vascularity around the cortical tubules. These 
changes were most marked and most constant in the more superficial 
parts and their oxtent deeper down was variable. In the extreme form, 
only the juxta-medullary glomeruli seemed to escape this ischsomic 
change (figs. 2 and 3) and from their efferents numerous pencils of 
prominent vessels, the so-called rasa recta spuria, could be seen 
passing down the medulla. 

Most of the cortical glomeruli appeared collapsed, only an occasional 
red blood corpuscle showing in the tufts. The spaces of the Bowman’s 
capsules and the tubular lumina were almost non-existent. The 
peri-glomerular convoluted tubules appeared perfectly healthy as also 
the medullary rays. A few venous channels could be detected but 
they contained only clear plasma. 

The glomeruli in the boundary zone, especially those in the two 
innermost rows were, in contrast to the above, obviously congested. 
Their capillar}* tufts were open and filled with blood cells. The 
peri-glomerular convoluted tubules, both proximal and distal, showed 
granular and more eosinophilic cytoplasm, the inner margin of the 
cells tending to be irregular but the nuclei healthy. The Bowman’s 
capsules and the tubules in tliis region were patent. 

At the medullary region, intense congestion of the vasa recta 
coursing between the straight tubules was striking. The cells of the 
limbs and loops of Henle were swollen and granular while parts of 
the cells nearest to the lumen had disappeared. According to Karsner 
(1935) these changes represent advanced cloudy swelling of the renal 
epithelium (fig. 4). Nuclei were pyknotic and karyolytic at places. 
The cells of the collecting tubules were normal. 

Heart. The muscle fibres were well separated from each other. 
This was very striking when compared with the heart muscle obtained 
from rabbits injected with hypertonic glucose solution or with emulsion 
of killed typhoid bacilli or from the control animals. The cardiac 
muscle fibres exhibited swelling and granular degeneration of the 
cytoplasm and at places loss of striation was evident. There was 
no sign of necrosis or hemorrhage in the cardiac walls. 

Small intestine. The submucous and serous coats showed clear 
evidence of oedema in the form of wider spaces between the connective 
tissue fibres. The stroma of the mucous membrane also appeared 
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(edematous but the epithelial lining was normal. No cellular exudate 
was present in any of the coats. 

With small doses (0-75 c.e. per kg.) of the cholera, toxin, changes 
in vascular pattern of the kidm^s were not so prominent, although 
similar parenchymatous and glomerular changes could be detected. 
With heavy lethal doses (5 c.c. per kg.), the cortex was very congested 
and the cortical peri-glomerular tubules showed parenchymatous 
damage similar to that present in the medullar}' and juxta-medullary 
tubules. With a sublethal dose, there was a temporary fall of blood 
pressure which returned towards normal in 1-1 hours. Hasmocon- 
centration was not marked. With a heavy lethal dose, there was 
marked fall of blood pressure till the animal was dead in 1-1 hours’ 
time and there was considerable hEemoconcentration after 1 hour (table). 

In the animals which received cholera toxin intraperitoneally 
followed by Evans blue intravenously, the peritoneal fluid was 
■coloured intensely blue. The serous coats of the small and large 
intestines and of the appendix were a deeper blue than in the control 
Animals. The contents of the small intestines (both jejunum and 
ileum) were fluid and appeared distinctly blue but were uncoloured 
in the control animals. The heart muscle in both groups stained 
deep blue but careful examination suggested a deeper colour in the 
test animals. 


(2) Experiments (control) with normal saline 

The table shows that the mean blood pressure, red cell count, 
Ii£emoglobin and packed cell volume remained almost constant 
throughout the period of experiment in 3 control rabbits. Little 
fluid was found in the peritoneal or other cavities and no abnormality 
■could be detected in any of the organs. 

(3) Dehydration experiments with hypertonic glucose solution 

The table summarises the mean changes in blood pressure and 
in the blood of 5 rabbits which received hj^pertonic glucose solution 
subcutaneously, the method used by Davis (1940, 1941), Stoner and 
Green (1945), Cameron et al. (1946) and Cooray and De (1949) for the 
study of some effects of simple dehydration. We have confined our 
observations to the first three hours of the experiments because we 
wished to find out if simple dehydration was responsible for the results 
of our short-lasting ( ca. 2 hours) experiments with cholera toxin. 
There was considerable hsemoconcentration within this time, as 
indicated by the rise in haemoglobin percentage, red cell count and 
packed cell volume, much more than with cholera toxin, but the 
blood pressure showed a much smaller and less regular fall. 

The organs of these animals appeared congested when killed while 
the cut surface of the kidney presented a uniform congested appearance, 
the medulla was not so densely congested, nor was the cortex so pale 
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as in the animals injected with cholera toxin. Kb microscopic 
abnormality was detected in any of the organs except congestion. 


(4) Experiments with typhoid toxin 

The effects of intrapciitoncal injections of a rather heavy lethal 
dose and of a sublethal dose of an emulsion of killed typhoid bacilli 
on blood pressure, haemoglobin percentage, red blood cell count and 
packed cell volume of peripheral blood are shown in the table. It 
will be noted that in both cases the blood pressure continued to fall, 
not unlike the behaviour observed with cholera toxin. Usually after 
2 hours either the blood pressme was so low that it could not be 
measured and the animal died, or the blood pressure lose towards 
normal, as with the sublethal dose of cholera toxin ; on the other 
hand, no lueinoconcentration as judged by rise in haemoglobin level 
was observed. 

At autopsy, fieo fluid was not found in the peritoneal cavity nor 
were there any other macroscopic abnormalities. The cut surface of 
the kidnoj^s of the animals presented a uniformty congested appear¬ 
ance of both the cortex and the medulla. 

The peri-glomerular convoluted tubules, both in the superficial 
cortex and in the boundary zone, and the limbs and loops of Henle 
in the medulla exhibited cloudy swelling of the epithelium, more 
markedly and more uniformly with the fatal dose. Histological 
examination revealed a complete absence of oedema in the myocardium 
and intestinal coats although the heart muscle showed some granular 
degeneration and loss of striation. 

Discussion 

Toxic effects resulting from the intraperitoneal injection of v'ashed 
saline suspension of killed vibrios must bo due to contained endotoxin. 
The local peritoneal reaction to this toxin is engorgement of vessels 
and an outpouring of fluid which is poor in cells and rich in protein. 
The fluid does not strictly represent a true inflammatory exudate as 
the leucocytes, especially the polymorphonuclear cells, are so scanty. 
On the other hand, (i) preponderance of red blood cells, (ii) high protein 
content approaching that of plasma with the presence of fibrinogen 
and formation of membranous clot and (iii) frank leakage of Evans 
blue into this peritoneal fluid suggest a grave alteration in the 
permeability of the capillaries. The toxin has so injured their walls 
that they allow almost free passage of plasma as w r ell as of some red 
blood cells. Such a toxic injury to capillary walls is not unknown with 
bacterial products (Seneviratne, loc. cit.) though it may be noted that 
introduction of a sterile emulsion of typhoid bacilli has not given 
such an outpouring of fluid. This suggests that the local alteration of 
capillary permeability as observed with cholera toxin is not a non- 
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specific reaction of the peritoneum to bacterial products. The loss 
of fluid from the circulation is obviously responsible for the hsemo- 
concentration. Histological and dye studies show that this fluid loss 
is not confined locally to the peritoneum but affects other tissues. 
With the emulsion of tyqdioid organisms, lack of hsemoconcentration 
seems quite compatible with absence of extravasation of plasma into 
the peritoneum. 

The diminution in volume of circulating blood which is suggested 
by the haemoeoncentration might well he blamed for the fall of blood 
pressure observed with cholera toxin. But, on closer scrutiny and 
especially on comparison with the results of subcutaneous injection 
of hypertonic glucose solution, it becomes obvious that a much higher 
degree of hsemoconcentration is possible without any considerable 
effect on blood pressure. This leads us to think that hsemoconcentration 
produced by cholera toxin may have contributed to the observed 
fall of blood pressure but is not chiefly responsible for it. There may 
have been some more direct effect of the toxin on the cardiovascular 
system because of its absorption into the general circulation. Ample 
support for this view exists in the form of histological changes in the 
heart, kidneys and intestines. We would suggest that the oedema 
fluid separating individual muscle fibres of the heart mechanically 
interferes with their contraction and thereby impairs the functional 
efficiency 1 ' of the myocardium. The parenchyunatous degeneration of 
the muscle too no doubt affects its function. These structural 
changes in the myocardium would contribute to the observed fall of 
blood pressure. Further evidence comes from the work of Mamvaring 
et al. (1923) who observed extensive heart oedema when they perfused 
the isolated organ with saline mixed with filtrate of old broth culture 
of Vibrio cholerce. They' recorded functional impairment of the muscle 
contractions which they’ attributed to cardiac oedema. 

We also think that the submucous oedema of the small intestine 
must have been due to specific action of the cholera toxin after its 
absorption into the general circulation. The toxin specifically 7 damaged 
the capillaries of this area, increasing their permeability 7 to protein. 
This is suggested by 7 the deep blue colour of the wall of the small 
intestine and also by a bluish colouring of its contents observed after 
the intravenous injection of Evans blue. 

The renal changes deserve comment. The cortical pallor and t le 
medullary congestion resulting from sublethal and minimum letha 
doses of cholera toxin are reminiscent of the changes produced y 
nervous stimulation (Trueta et al., 1 947) and may indicate a simi ar 
mechanism of spasm of interlobular arteries and afferent aiterxo es 
and diversion of the cortical blood through juxta-medullary 7 glomeru 
to the medulla. 

The kidney 7 also exhibited evidence of toxic damage to l e pare 11 
chynia in the form of severe cloudy swelling and necrosis 6f the tu u ar 
epithelium in the boundary and medullary 7 zones U here t e oxin 
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ladon blood lmd been diverted The cortex was thus deprived of 
blood and so saved from the toxin The pen-glomerular corn oluted 
tubules m this region ajipoared healthy and had not suffered from 
the effects of isoluemia The reason for this, no doubt, is the shoit 
duration of the lsclnomia which lasted foi about 2 hours, whereupon 
the animal died IYanklm (1950) remarks that the cortical elements 
of the rabbit can stand an lschremin of about 4 hours, and this fact 
may w ell explain the absence of anoxic damage hore 

With heavy doses of cholera toxin, how or er, the mechanism appeals 
to fail, and the toxic blood finds a passage to the cortex, thereby 
injuring the comoluted tubules With tj-phoid toxin, given either 
in lethal or in non-lethal doses, this mechanism does not come into 
pin}' to protect the cortex 

Our experimental findings explain reasonably well the chain of 
events that takes place in human cases of cholera The endotoxin, 
liberated by the death and disintegration of the vibrios, through a 
local action on the capillanes of the intestinal mucosa, increases their 
peimeability causing an outpouring into the lumen of the gut of 
plasma sometimes mixed with red blood cells The toxm is also 
absorbed and thereafter exerts a specific toxic effect on the submucosal 
and mucosal capillaries of the small intestine The loss of fluid from 
tho circulation results in hamioconcontration and this undoubtedly 
contributes to the fall of blood pressure especially when this loss is 
continued foi some considerable time But the more important cause 
of tho shock-like manifestation lies in the effects of tho toxin on the 
cardiovascular sjstom One of these toxic effects is dnectcd against 
tho myocardium, whore the specific action on the myocardial capillaries 
giv es rise to oedema and impairment of function The occurrence of 
cases of cholera sicca w ith pronounced shock but little purging strongly 
suggests the predominant iole of tho absorbed toxm on the cardio¬ 
vascular system The toxin also acts specificallj’ on the renal vessels 
and paienchyma, leading to the same land of shunting mechanism 
that we have demonstiated in the rabbit It may well be that m the 
cholera cases which recover from the stage of shock and oliguria the 
protective mechanism has been successful In those that lapse latei 
into the stato of postcholeraic unemia, toxic and lschfemie damage 
of tho cortical parenchyma is irreversible, due either to fadure of this 
mechamsm because of heavy amounts of toxm or to long duration 
of the ischasmia 

SuMMAP.l AND CONCLUSIONS 

I\ trapentoneal introduction of suitable amounts of cholera toxm 
m the form of heat lolled washed suspension of Vibrio cholercc lolls 
rabbits in about 2 hours The injection is followed by luemoconcentra- 
tion and by fall of blood pressure which is due partly to the degree of 
hiemoconcentration and partly to a direct action on the cardiovascular 
system of the toxm after it is absorbed 
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Hsemoconcentration is the result of outpouring into the peritoneum 
of fluid which is rich in protein and poor in cells. Microscopic 
evidence of oedema is also seen in the myocardium and in the mucosa 
and submucosa of the small intestine. Evans blue given intravenously 
leaks into all of these places. These facts suggest an alteration of 
permeability of the capillaries which allows passage of plasma-like 
fluid into the tissues. Such a change appears to be brought about by 
direct local action of the cholera toxin and also by its remote specific 
action on the capillaries of the myocardium and of the inner coats of 
the small intestines. 

The toxin also affects the vasculature and the parenchyma of the 
kidneys, leading to diversion of the toxin-laden blood from the cortex 
to the medulla. The vital cortical elements are thus protected from 
the effects of the toxin which, however, damages those parts of the 
nephrons situated in the medulla and juxta-medullary regions. As 
the majority of the glomeruli are rendered ischamiic, filtration of 
urine is diminished and further loss of body fluid by this route 
is prevented. This protective mechanism fails when a very heavy 
■dose of cholera toxin is injected. The significance of these experi¬ 
mental results in relation to the human disease is discussed. 

We wish to thank Professor H. Saha for estimating the protein content of 
peritoneal fluid, Dr K. P. Sen Gupta for some technical help, Drs A. R. Roy and 
H. Iv. Chakravarty for some helpful criticism and Mr J. Saha for the photomicro¬ 
graphs. 
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TWO CASES OF RENAL CARCINOMA SHOWING 
CYTOPLASMIC INCLUSIONS 

David M. McClure and C. F. Ross 

From the Pathology Departments of the University and Western 
Infirmary, Glasgow, and Ashford Hospital, Middlesex 

(Plate CXXV) 

C irctnoma of the renal parenchyma is a fairly frequent disease in the 
human subject, compusing about 2*5 per cent, of all malignant tumours 
occurring between the ages of thirty and seventy. Two examples 
have recently been encountered in widely separated parts of the 
country, in which the malignant cells contained cytoplasmic inclusions 
bearing a certain resemblance to inclusion bodies of virus origin. 
Since no report of a similar finding in this common disease has been 
found in the literature, it appears worth while to place on record a 
detailed account of these neoplasms. 

Case Reports 
C ase I 
Clinical history 

Mrs J. L., nged 41, was admitted to the Glasgow Western Infirmary suffering 
fiom mitral stenosis. Fourteen days after admission she complained of constant 
gnawing pain in the left lorn. A firm irregular mass was palpable in the left 
hvpochondrium, mobile and tender, and moving with respiration The urine 
showed numerous red cells, but no casts or excess of leucocytes. A provisional 
diagnosis of renal tumour was made Retrograde pyelography showed a filling 
defect of the loft renal pelvis and at tho pelvi ureteral junction, suggestive of 
a neoplasm. 

At operation a tumour was found to occupy most of the lower half of the 
kidney, which was adherent to the peritoneum m tlus situation. The renal 
pelvis was slightly distended by a soft mass of growth and, in its upper third, 
the ureter was adherent to the psoas muscle in which a nodule about the size 
of an almond was felt. The kidney was removed with 75 mm. of the ureter, 
and the nodule in the psoas was excised. At no time before or after operation 
w as there any evidence of urinary infection, and tho patient made an uneventful 
recovery. 

Description of specimen 

The kidney weighed 2G0 g. In the lower pole was a firm nodular 
mass, occupying the entiie thickness of the organ. On dissection, 
the tumour was seen to he roughly spherical and 55 mm. in diameter. 
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It was sharply demarcated by a capsule of compressed and fibrosed 
renal tissue. The cut surface showed golden-yellow areas of central 
necrosis. There was no cyst formation or mucoid change. A few 
fibrous trabecula; traversed the growth. The tumour extended into 
the renal pelvis, and there were white papillomatous outgrowths 
from its lining epithelium. The lumen of the ureter was patent, and 
no extension along the renal vein was seen. 


General histological features 

Blocks were taken from the central and peripheral parts of the 
tumour, from the adjacent tumour-free renal tissue, from the pelvis 
and ureter and from the nodule in the psoas muscle. The tissues were 
fixed in corrosive formol and 10 per cent, formol saline. Paraffin 
and frozen sections were prepared. 

Both the architecture of the growth and the degree of epithelial 
differentiation varied in different parts. The predominant structure 
was papilliform, and this was most highly developed in the peripheral 
parts, where the tumour was divided into lobules by fibrous septa- 
derived from the capsule of compressed and fibrosed renal tissue. 
Elsewhere, the cells were arranged in tubular form. Extensive areas 
of necrosis with heavy polymorph infiltration were present in the 
central parts of the growth. Immediately adjacent to the necrotic 
areas there was an increase in the collagen of the stroma and 
infiltration with polymorphs. Thin-walled blood vessels were 
present at the periphery, but the main bulk of the tumour showed 
low vascularity. 

The degree of differentiation in both the papilliform and tubular 
areas may conveniently be divided into three grades :—(1) areas 
with well defined epithelium, in which the cells show clearly defined 
cell membranes and are generally in single layers, but with fairly 
frequent reduplications. The intervening stroma is very delicate, 
and of low vascularity, so that the epithelial layers of each papilliform 
process are separated by little more than the basement membrane. 
(2) Areas with poorly differentiated epithelium showing great 
irregularity and heaped into multiple layers in which cell membranes 
are not distinguishable, but in which the basic papilliform or tubular 
structure is retained. The stroma in these areas is more abundant, 
and frequently contains bulky aggregations of very large foamy cells 
with small dense nuclei. (3) Frankly anaplastic areas in which the 
features of papilliform or tubular structure are lost, and w r hich show 
marked nuclear aberrations and mitotic figures. The latter features 
are readily found only in such areas of maximum anaplasia. 

Sections of the pelvi-ureteral junction and of the ureter shove 
lymphatic permeation of all the layers by malignant cells accompanied 
by considerable polymorph infiltration. 

The malignant cells in the nodule from the psoas muscle showed 
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no suggestion of papilliform or tubular structure, and had a much 
more abundant fibrous stroma, freely infiltrated w ith polymorphs 


The cytoplasmic inclusions 

In the primary tumour, the cjtoplasm of the epithelial cells 
unaffected by necrosis contained flighty retractile eosinophilic bodies 
Almost every cell had one or more of these inclusions, producing a 
very striking microscopic picture The individual bodies varied 
considerably in shape and size, ranging from 2 10 p, in their greatest 
diameter, with an average size rather less than that of the cell nuclei. 
Only the smallest of the inclusions were spherical All the larger 
bodies shoved various degrees of distortion—elongation, compression 
and, whenever closely applied to the nucleus, indentation These 
appearances w ere taken to indicate a relatively low density and low 
fluid tension Almost without exception, the cells containing cyto¬ 
plasmic inclusions had a largo eosinophilic nucleolus 

The distribution of the bodies varied in different parts of the growth 
In the areas with well differentiated epithelium, smgle cytoplasmic 
bodies of uniform size were localised at the base of the cell between 
the nucleus and the basement membrane Tins arrangement was 
best seen m the papilliform areas with a single layer of epithelium 
(fig. 1) The size of the inclusions in these areas was generally a 
little less than that of the nuclei In the areas with poorly differentiated 
epithelium m multiple layers, there was a corresponding multiplicity 
of inclusions There was also a greater variation m size, and a greater 
number of smaller forms, frequently with several bodies in a single 
cell (fig 2) In the most anaplastic areas with large cells and large 
aberrant nucleoh, the inclusions were proportionately larger and 
more distorted Numbers of smaller forms w T ere again often present 
in association with the larger bodies within a single cell Where the 
tubules were small and closely packed, with low cubical type of 
epithelium, the basal location of the bodies was much less m evidence, 
and they were found more often lateral to the nucleus, and frequently 
occupied the whole depth of the cell 

No organised internal structure was detected m the cytoplasmic 
bodies With some staining methods the bodies were not homogeneous, 
but they never suggested the regular structural pattern of a group 
of elementary bodies 

On approaching the necrotic areas, a sharp transition was observed 
from cells containing inclusions and prominent nucleoh to cells 
showing neithei of these features In some instances nucleoli persisted 
in the zone beyond where the inclusions disappeared, but m general 
the absence of both was parallel to a striking degree The majority 
of these cells were still apparently viable and formed a zone of 
varying width surrounding the necrotic areas In these zones, the 
collagen of the stroma was more abundant. Occasionally, the transition 
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was so abrupt as to be a clearly defined line, but this may represent 
merely the point of contact of two lobules of tumour tissue having 
separate vascular supplies, one of which was failing. In the same 
way, there were occasional narrow prolongations of inclusion-bearing 
cells between two areas of necrosis. 

In general, the greatest concentration of inclusions was found 
at the periphery of the tumour. At the extreme periphery, occasional 
areas were found where the entire cytoplasm of the cells was occupied 
by eosinophilic refractile material. In a very few places similar material 
was found extracellularly. The inclusions were wholly confined 
to the tumour and none was found in the renal substance proper. 

Neither inclusions nor nucleoli were present in the tumour cells 
in the renal pelvis and ureter or in the nodule from the psoas muscle. 
In these sites the malignant cells were morphologically similar to 
those lacking nucleoli and inclusions in the primary tumour, namely, 
the cells adjacent to necrotic foci. The secondaries also showed 
marked polymorph infiltration. 


Case 2 

Clinical history 

Mr A. J. M., aged 46 years, was referred to Ashford Hospital in December 
1949, with a history of severe cough of five months’ duration, accompanied by 
yellow non-offensive sputum, shortness of breath and fever, but no haemoptysis. 
He had been investigated as a possible case of pulmonary tuberculosis but 
X-ray examination of his chest suggested silicosis, though there had been no 
occupational risk. His sputum was consistently devoid of tubercle bacilli 
and the Mantoux reaction was negative in all dilutions. 

In view of the condition of the patient, treatment was merely symptomatic, 
and he was discharged to attend the outpatient department. He was admitted 
to an associated hospital three weeks after his discharge, with a diagnosis of 
bronchopneumonia and died three weeks later. 

Post-mortem findings 

The right kidney contained a large tumour, 8x8x6 cm. in the 
upper pole, unattached to surrounding structures. On cutting, it 
showed much central fibrosis and areas of cyst formation. Its colour 
was yellowish-white, with some brownish areas of necrosis and 
haemorrhage. The tumour was covered by the renal capsule, and 
was demarcated from the kidney by compressed renal substance. 
There was no involvement of the renal pelvis or vein. All the abdomina 
lymph nodes were neoplastic and continuous with those in the thorax. 
The rest of the urogenital tract was normal. 

There was a little free fluid in the peritoneal cavity. Apart rom 
an old healed duodenal ulcer, the alimentary tract was normal. e 
spleen was “ toxic ”. The pancreas and adrenals were normal. The 
liver contained a small metastasis in the right lobe and one in t ic 
left. The gall-bladder and bile-ducts were healthy. The left kidney 
was congested but otherwise normal. 
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There ■were some small neoplastic lymph nodes in the deep cervical 
chain, otherwise no abnormalities in the neck. Thorax. Bilateral 
pleural effusion of about ono litre was present with fibrinous adhesions 
over the lower lobe of tho left lung. The parietal pleura showed 
scattered firm nodules from 5-10 mm. diameter, very numerous over 
the diaphragm ; some wore pedunculated. Tho lungs were almost 
eomplotel}" solid, showing generalised multiple white discrete tumour 
nodules and intervening bronchopneumonia. The nodules were mostly 
rounded or lobulated and their size varied from 2-15 mm. diameter. 
Peribronchial spread was prominent. All the mediastinal lymph 
nodes woro neoplastic, but were discrete. Nodules were scattered 
over the outer surface of the pericardial sae. The epicardimn and 
tho heart showed no abnormality. 

General histological features 

A carcinoma which for the most part was growing in masses with 
no attempt at differentiation was present in the right kidney. In some 
parts, tubule formation was seen and in others the structure approached 
that of the clear-celled variant. The bulk of the growth was made 
up of very largo cells with abundant finely granular eosinophilic 
cytoplasm having largo nuclei with prominent deeply eosinophilic 
nucleoli, often multiple. The size and shape of the tumour cells 
were very variable, and bizarre forms and tumour giant cells were 
common. In some places, necrosis and limmorrhage were present. 
Mitoses were uncommon. Lymphatics and occasional venules con¬ 
tained growth. 

All the lymph nodes examined (mediastinal, para-bronchial, coeliac, 
para-aortic and mesenteric) wore almost completely replaced by 
growth having similar characters to those of the renal tumour. Large 
masses of growth replaced lung tissue which in some parts was infected. 
Dilated perivascular and peribronchial lymphatics were full of growth 
and, very rarely, small blood vessels contained carcinoma cells. 


The cytoplasmic inclusions 

In the primary tumour, where the cells were not necrotic, in the 
lung metastases and generally distributed throughout the growth 
in the lymph nodes were refractile deeply eosinophilic bodies. These 
were not present in the tumour-free parts of the right kidney nor in 
any other organ examined. Nearly every malignant cell contained 
one or more of these inclusions, the number bearing an indirect 
relation to the size. Even where single cells in remote lymphatics 
were seen, the cytoplasm contained the bodies. In size, they varied 
from only just visible granules to large masses up to 25x8 y. The 
smallest bodies were round, but the larger ones oval, bean-shaped, 
horseshoe-shaped, dumb-bell-shaped or in irregular masses. In other 
characters the bodies were generally similar to those in case 1. 
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STAINING- reactions oe the cytoplasmic bodies 

The bodies were investigated by standard histological and liisto- 
chemical techniques, including methods for the specific demonstration 
of various intracellular granules. 

The bodies gave a negative reaction with the periodic acid-Schiff 
technique, thus eliminating glycogen, simple and complex muco¬ 
polysaccharides, mucoproteins, glycoproteins andglycolipids. Feulgen’s 
reaction was negative. Tests for iron and fat were also negative and 
under polarised light the bodies were isotropic. 

With the general histological stains, the cytoplasmic bodies were 
uniformly eosinophilic. With Mallory’s phosphotungstic acid hsema- 
toxylin and with iron hsematoxylins they were blue-grey and blue-black 
respectively. Kiilme’s hyaline stain gave only a very faint blue, and 
Gram’s stain was not well retained. With van Gieson’s stain the 
bodies stained a bright yellow. 

Of the various stains, carbacid fuchsin (Lendrum, 1945) and 
Laidlaw’s acid fuchsin-orange G were the most specific, the fuchsin 
staining being wholly confined to the bodies. With carbacid fuchsin 
the staining was patchy and inconstant, and uniform results were 
not readily obtained. The bodies did not appear homogeneous and 
gave an impression, not definitely confirmed by any other method, 
of a coagulum confined within a limiting pellicle. Phloxin-tartrazine 
(Lendrum, 1947) gave excellent definition, the bodies being homo¬ 
geneous and strongly phloxinophilic, retaining the red stain rather 
longer than the majority of the red cells. In the subsequent investiga¬ 
tions,-this stain was adopted as a standard. 

Inclusion bodies in the renal epithelium of the newborn have 
been described by various authors, and as material from a recent 
case (Capped and McFarlane, 1947) was available, the staining 
reactions were compared with those of the present tumours. Material 
from the submaxillary virus disease of guinea-pigs was also employed, 
as this condition occasionally involves the kidneys, and the cytoplasmic 
globules of hyaline droplet change in renal epithelium were also 
studied. No tinctorial or morphological similarity was found between 
the inclusions in the newborn or in the guinea-pig and those of the 
present cases. Comparison of the staining reaction of the tumour 
inclusions with hyaline droplets in renal epithelium showed some 
tinctorial similarity, particularly with phloxin-tartrazine, but tie 
larger hyaline droplets exhibited somewhat greater retractility an a 
more strongly phloxinophilic property. Fundamental differences 
were, however, observed. The hyaline droplets were P.A.S. positive, 
and also stained strongly with Kiilme’s hyaline stain and Weigert s 
fibrin stain, in contrast to the tumour bodies. 
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CYTOPLASMIC BODIES IN OTHER RENAL TUMOURS 

A -specific search for cytoplasmic inclusions was made in a series 
of renal tumours, since their presence in small numbers in previous 
cases might have been overlooked in the routine hematoxylin and 
eosin preparations. According^’, sections from 70 cases of renal 
tumour were prepared, stained with phlox in-tar tra zinc and searched 
carefully for inclusions. 

The series included 58 cases of renal carcinoma, 55 cases of renal 
adenoma, and 7 renal rests and miscellaneous cases. Fixation was, 
as before, by corrosive formol or formol saline. 

In sixteen of the renal carcinomata, retractile spherical phloxinophil 
bodies were found in the malignant cells. In all cases, the bodies 
■wore scanty and appeared as multiple small spherical globules situated 
peripherally in large swollen cells, and lying between the nucleus and 
the freo margin, or ns large single spherical globules. The inclusions 
were never located at the base of the cells and were almost invariably 
spherical. In addition, they wore rather more highly refractile, and 
even more phloxinophilic than those in the two tumours under review. 
Investigation of the staining reactions of the inclusions in this series 
shows that they were tinctorially identical with the hyaline droplets 
in renal epithelium. With carbacid fuchsin, the fuchsin staining was 
wholly confined to the bodies, which presented a much more homo¬ 
geneous appearanco than did those in cases 1 and 2. With phloxin- 
tartrazine the bodies were readily identifiable by virtue of their greater 
retractility, even when their size approximated to that of a red cell, 
and despite incomplete decolorisation of the red cells. The staining 
reactions of both large and small inclusions in the series were identical. 

Discussion 

Cellular inclusions are not infrequent in malignant tumours, and 
in the past have given rise to speculation about the possible parasitic 
and virus setiology of neoplasms. Various accounts of both cytoplasmic 
and intranuclear inclusion bodies in tumour cells have been given. 
The cytoplasmic bodies include the “ bird’s eye ” inclusions of glandular 
carcinomata, which are characteristically located between the cell 
nucleus and the alveolar lumen, and contain a central basophilic 
portion surrounded by a protoplasmic rim or “ halo ” (Ewing, 1940 ; 
Willis, 1948). Cytoplasmic inclusions have been most frequently 
reported in tumours of glandular origin, and as a rule are the result 
of disordered attempts at the formation of secretion. In the gliomata, 
the intranuclear inclusions are compatible with virus activity (Russell, 
1932). In other cases, as in the muscle sarcomata, abnormal con¬ 
figurations of the nuclear chromatin may present a superficial 
resemblance to virus inclusion bodies or to protozoan agents. Prominent 
acidophil nucleoli are characteristic of rapidly growing cells, both 
simple and malignant. 
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In the renal carcinoma of the leopard frog (Lucke, 1934a and b ; 
1938a and b) where the general architecture of the growth corresponds 
very closely to the papilliform areas of the tumour in case 1, the 
inclusions are again exclusively intranuclear, being of Cowdry’s 
type “A”. 

In the present cases, the association of cytoplasmic inclusions 
with acidophil intranuclear bodies in a regular pattern suggested the 
activity of a virus. On detailed examination, however, the bodies 
differed in various fundamental respects from intranuclear and cyto¬ 
plasmic bodies of known virus origin. 

The large eosinophilic nucleoli in the renal tumours bear a close 
resemblance to the earliest stages of development of the intranuclear 
inclusions of guinea-pig submaxillary virus disease, but the fully 
developed virus bodies differ radically from the nucleoli, which show 
no significant difference from the nucleoli of other renal carcinomata 
without cytoplasmic inclusions, and from the nucleoli in other carcino¬ 
mata and similar rapidly growing cells. 

The tumours do not arise from glandular epithelium. Although the 
secretorjr function of renal tubule cells for certain metabolic products, 
dyes, etc., is now generally accepted, this activity is not associated 
with the formation of visible intracellular secretion products. Materials 
absorbed from a tubular lumen are most abundantly stored between 
the luminal margin of the tubule cells and the nucleus, but only rarely 
between the nucleus and the basement membrane. In case 1 the 
position of the material in the cells is in direct contrast to that of 
products of secretory activity. Also the subnuclear localisation of 
the bodies is opposed to the possibility that they have been formed 
by absorption from the fluid contents of the renal tubules. Moreover, 
in case 2, the bodies were found in metastases in widely different 
structures such as lymph nodes and lung. However, the possibility 
of absorption of some substance from the blood stream remains. It 
has been observed that the greatest concentration of these bodies is 
in the peripheral parts of the tumours, and that they appear to undergo 
lysis with the onset of necrosis. This indicates that the viability of 
the cells is necessary for their preservation and the presence of the 
bodies cannot be attributed to degenerative change. 

Eosinophilic cytoplasmic inclusions occur in a number of human 
infections, but these differ fundamentally from the bodies in the 
present cases, being demonstrably composed of aggregations o 
elementary bodies. 

It is concluded that the bodies in the tumours do not eorrespon 
to known virus inclusions. There is no evidence that the materia 
in the cells is a secretion, and degenerative processes are clearly no 
involved in the production of the inclusions. It seems certain 1 1 a 
the bodies do not arise from absorption of extraneous matter. e 
remaining possibilities are that the cytoplasmic bodies may represen 
either material absorbed from the blood, which the cells are unable to 
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metabolise, or that the bodies are accumulations of some by-product 
of the abnormal metabolism of the tumour cells. The gicater con¬ 
centration and gicater size of the bodies in the peripheral and most 
actively growing parts of the tumour in case 1 and in the metastases 
in caso 2 may be taken ns consistent with either hypothesis. 

A notable feature in case 1 is the absence of inclusion bodies in the 
secondary growths. In these, all the cells shoved features similar to 
the cells in the primary growth that were in the early stages of 
nutritional impairment, but it is not clear whether theie was any 
actual impairment of vitality in the secondaries. The presence of a 
heavy polymorph infiltration in the absence of any demonstrable 
pyogenic infection, however, may indicate some such disturbance. 


Summary 

Two cases of renal carcinoma are described in which the majority 
of the viable cells contain one or more cytoplasmic inclusions. The 
morphology and staining reactions of these bodies were compared 
with those of known virus origin, and with those of hyaline droplets 
in renal epithelium. In each instance fundamental differences were 
demonstrated. A series of renal carcinomata was investigated for 
corresponding structures with negative results. 

Our thanks are due to Prof. B. F. Cappeli for the use of materiel from the 
case of renal inclusion disease, and for his advice and criticism, to Mr W. A. 
Galbraith nnd Dr A. Barham Carter for access to the respective case histones, 
and to Mr H. C. Gray, A.R.P.S., of The Victoria Inflrmarj, Glasgow, for the 
Ektaclirome photomicrographs. 
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EXPERIMENTAL PULMONARY HEMOSIDEROSIS 


F R Magarey 

Department of Pathology, Welsh National School of Medtein*, Cardiff 

(Plates CXXVI CXXIX) 

The 'noil known condition of brown induration of the lungs, found 
particularly 111 relation to mitral stenosis, consists in part at least of 
collections of liremosiderin resulting from luemorrhnge into the lungs 
The exact source of the hicmorrhage is uncertain although it has 
been generally presumed to arise from the congested capillaries m 
the alveolar walls Lendium cl al (1950) have asseitod that the 
bleeding occurs from the anastomoses between the bronchial and 
pulmonary vascular systems in the walls of the respnatory bronchioles 
on the grounds that the luemostdeiin accumulations are found in 
close anatomical relationship to tho sites of these anastomoses The 
purpose of this paper is to describe experiments in rats which show 
that similar Ineiuosiderm accumulations can result from blood which 
is at first diffuse in the lung These accumulations happen to be 
near the places where, in the human, the vascular anastomoses are 
behoved to be normally present, and in mitral stenosis to become 
varicose (Ferguson el al , 1941) The experiments show that the 
localisation of the luemosidenn near the sites of anastomoses is probably 
coincidental and that the conclusions of Lendrum and his co workers 
are not necessarily vahd 


Experimental method 

Blood was obtained from the inferior vena cava of an'esthefcised rats and 
injected endotracheally into other rats In earlier experiments untreated blood 
was used but in later ones it was heparinised so that a number of rats could be 
injected from a single donor The addition of heparin did not affect the results 
Endotracheal injection under direct vision is quite simple after a little 
practice Under ether anaesthesia, the animal is held supine with the head 
slightly extended and projecting o\ or the edge of a bench A pair of non 
toothed forceps held closed, is introduced mto the pharynx The tips are then 
allowed to part by the spring of the forceps which has to be fairly strong With 
the aid of a head mirror the \ ocal cords can noi\ be seen opening and closing 
rather rapidly with respiration A blunt ended hollow needle (7 8 cm long) 
is passed between the cords until the tip is judged to be about at the level of 
the bifurcation of tho trachea With the needle m place, the rat is held vertical 
with head uppermost and tho required amount of blood mjected through tho 
3 path bact —vol ixm 729 
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But even after 9 months the quantity and distribution of this interstitial 
pigment did not change to any great degree and never became a 
very striking feature. 

Discussion 

The object of these experiments was to consider experimentally 
the principle that focal collections of hsemosiderin-containing phago¬ 
cytes, such as those seen in the lungs in cases of mitral stenosis, may 
be the result of diffuse haemorrhage within the lung. The experiments 
have shown clearly that this can occur at least in the lungs of rats. 
Because of the differences in the minute anatomy of the h um an and 
rat lung, a very close comparison of the anatomical distribution of 
the aggregations in the two species need not be attempted but the 
similarity in appearance is sufficiently close to warrant the conclusion 
that the fundamental process is the same in both. 

The reason for the accumulation is uncertain. One possibility is 
lymphatic obstruction. One of the characteristics of the human 
disease is the change in the interstitial tissue. The walls of the affected 
alveoli show fibrous thickening, and sometimes the elastic fibres, 
especially around the blood vessels, become impregnated with iron 
and provoke a giant-cell reaction in their vicinity (Lendrum, 1950). 
Lendrum suggests that these proliferative changes obstruct the 
lymphatic drainage and thus contribute to the formation of the 
focal accumulations of phagocytes, but the present experiments show 
that the aggregations occur in the absence of interstitial changes. 
Such changes have not in fact been observed in the rat’s lung. Then 
appearance may depend upon the time factor because the longest 
interval in these experiments after the blood has been first admin¬ 
istered is just under 12 months, whereas hemosiderin is probably 
present in the human lung for a far greater time before the inter¬ 
stitial changes appear. Another possible explanation for this 
difference is that in mitral stenosis the lung not only contains hemo¬ 
siderin but is also in a state of chronic venous congestion. The rat 
lungs on the other hand are healthy. 

There is no obvious explanation how or why these aggregations 
should he so constant in size and distribution. Lendrum et al. (p. 255) 
believe that “ the size, shape, and distribution of the deposits point 
definitely to the vessels of the small bronchi as the source of the haemorrhage”. 
That this idea of focal haemorrhage is not necessarily correct is shown 
by some observations made during these experiments. Some rats 
died immediately following an endotracheal injection of blood. In 
these animals the distribution of the blood, although somewhat 
patchy, involved large, confluent areas of the lung ; it did not collect 
in isolated clusters of alveoli. Within a few days this diffusely dis¬ 
tributed blood had been replaced by small discrete aggregations o 
alveolar phagocytes containing what remained of the injected b loo 
in the form of hremosiderin. If after numerous previous injections. 
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Plate CXXYII 


EXPERIMENTAL PULMONARY ILEMOSIPETIOSI9 



Fio. 5.—Ten days after a single injection 
of blood. Most of the hrcmosiderm-con* 
taining phagocytes have oollocted into a 
rather loose aggregation. H. and E. 
X 70. 



Fio. 7.—From a rnt given 15 ml. of blood in 
1 ml. doses over a period of 13 weeks and 
killed 8 days after the last injection* 
Small clusters of alveoli are packed with 
haemosiderm-bearing phagocytes. The 
neighbouring alveoli are almost free of 
cells. Peris and neutral red. x 40. 



Fig. 0. —Fourteen days after a single injec¬ 
tion of blood. The aggregation is com¬ 
pact and well formed; the surrounding 
alveoli still contain a few phagocytes. 
Peris, hremalum and van Gieson. X 76. 



Fig. 8.—-From a rat which died immediately 
following an injection of blood, having 
had 8 injections previously. A discrete 
aggregation of phagocytes surrounded 
by blood diffusely distributed in many 
of the surrounding alveoli. Peris and 
neutral red. X GO. 
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Plate CXXIX 


Experimental pulmonary ilemosirerosis 



F <*. 11.—From a rat which had 0-75 ml. of 
blood twico weekly for 12 weeks and died 
f> months after the last injection. Two 
discrete aggregations are included and 
their relationship to the alveolar ducts 
can be seen. H. and E. X 45. 



Fig. 13.—From the same rat as fig. 11. Several 
aggregations are included. The distribution 
away from the peribronchial and perivascular 
connective tissue is well shown. H. and E. 
x 20. 



Fig. 12.—Fromthesameratasfig.il. The 
phagocytes are filled with hemosiderin 
granules and crowded into a small group 
of alveoli. From one of the alveoli the 
phagocytes bulge into the alveolar duct. 
H. and E. x 180. 



Fig. 14.—From a rat which received 5 
weekly injections of 1 ml. of blood and 
died 4 days later. There is a little h:emo- 
siderin — mainly intracellulnr — in the 
perivascular connective tissue. Peris, 
haemal um and van Gieson. x 60. 
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death should immediately follow a further injection, the aggregations 
of hemosiderin, surrounded by large areas of alveoli filled with blood, 
form a very striking picture (fig. 8), emphasising how diffuse the 
blood is initially and how focal is the blood pigment finally. These 
findings offer sufficient proof that focal collections of hsemosiderin- 
containing phagocytes can result from diffuse haemorrhage into 
the lung and that they are not necessarily the result of focal 
hemorrhages. 

If focal hiemorrhage is not the cause of these collections, then 
what is ? It may bo that the lung is able to get rid of most of the 
blood by ciliary movement, together with the flow of fluid up the 
bronchial tree, leaving behind small pools of blood which, because 
of some undiscovered anatomical feature cannot be emptied by such 
means. The alveoli containing the hremosiderin-bearing phagocytes 
might bo thought to be backwaters with only a very inefficient and 
perhaps narrow communication with the alveolar duct. That this is 
not so is shown by the occurrence of collections of phagocytes actually 
bulging into the alveolar duct through a widely patent alveolar 
ostium (fig. 12). The reason for the retention of the phagocytes in 
this position is quite obscure. Another possibility is that the red 
blood cells in the alveoli are engulfed and changed into hzemosiderin 
by the alveolar phagocytes which then migrate by ckemotaxis to 
•collect in certain sites in the pulmonary tissue in preparation for an 
attempt—apparently mainly unsuccessful—to rid the lung of this 
foreign particulate material. It is also possible that the phagocytes 
ultimately become paralysed and inert by virtue of their excessive 
load of hfemosiderin so that they persist at these sites for an indefinite 
period. The findings in the rats receiving a single injection support 
to a certain extent this theory of the migration of the phagocytes 
because, whereas after two days haemoglobin is seen to be changing 
into hcemosiderin over fairly large areas of the lungs, after 14 days 
the hsemosiderin—which is now contained in the alveolar phagocytes, 
has accumulated in the circumscribed foci described. 

Thus while the above experiments have been successful in producing 
aggregations of hsemosiderin-laden phagocytes very similar to the 
focal collections seen in the lung in cases of mitral stenosis in the 
human, they have not led to a precise explanation of the reason for, 
or the process of, such aggregation. They have, however, shown 
that these aggregations can be the result of diffuse intra-pulmonary 
hEemorrhage and that it is not necessary to postulate an origin in 
focal heemorrhages from any particular anatomical site. 


Summary 

Blood has been injected endotracheally into rats’ lungs resulting 
in the formation of intra-alveolar aggregations of hemosiderin- 
•containing phagocytes. 
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These aggregations are similar to those found in the human lung 
in chronic venous congestion. 

This finding suggests that the aggregations in the human lung 
can follow diffuse haemorrhage and that they are not necessarily the 
result of focal haemorrhages from dilated vascular anastomoses in the 
walls of the respiratory bronchioles. 

It is with pleasure that I record my thanks to Professor Jethro Gough for 
his help in the preparation of this paper and to Mr J. P. Napper for assistance 
with the photography. 
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•THE SEROLOGY OF POLYSACCHARIDES FROM 
THE TUBERCLE BACILLUS 

C. N. Iland 

Department of Bacteriology, University of Bristol 

Fou over forty years it has been known that crude antigens from the 
tuborclo bacillus will give a positive complement-fixation test with 
sera from tuberculous humans. Numerous workers (e.ff. McIntosh 
and Fildes, 1914 ; Punch, 1920) have used this test and have claimed 
from 80 to 90 per cont. of positivo reactions, but the precise nature 
of the antigen responsible has not been determined. Schaeffer (1940) 
reported that serum from patients with tuberculosis contains both 
anti-polysaccharide and anti-protein antibodies, but his work has 
not yet been confirmed. To examine this problem I have compared 
the serological activity of a number of puro tubercle polysaccharides 
■with both animal and human sera, and the present paper reports the 
results. My experiments show that tubercle polysaccharides react 
with sera from experimentally infected animals, but that they do 
not react with sera from patients witli tuberculosis. 

Literature 

There have been many studies of the chemical nature and serological activity 
of tubercle polysaccharides The serological activity has usually been assessed 
■with antisera made by injecting animals with heat-killed or chemically-treated 
bacilli. Rabbit and horse sera have been most frequently employed and positive 
precipitin reactions have been obtained with each. Tests of this type have 
been used on material from the bacterial cell (Zinsser and Parker, 1923 ; Laidlaw 
and Dudley, 1925 ; Heidolberger and Menzel, 1931-32, 1937 ; Chargaff and 
Schaeffer, 1935-36 ; Menzel and Heidelberger, 1939), from culture filtrates 
(Mueller, 1926 , Branch, 1931-32 ; Seibert, Pedersen and Tisehus, 1938 ; Seibert, 
Stacey and Kent, 1949), and from coll lipoids (Anderson, Reeves and Stodola, 
1937; Anderson, Creighton and Peck, 1940). The presence of anti-polysaccharide 
antibodies m animals inoculated with living virulent organisms has also been 
recorded : in rabbits by Seibert et al . (1949), in goats by Steenken (1941), and 
in guinea-pigs by Schaeffer (1940). None of these authors reported any tests 
'vith human serum except Seibert et al. (1949) who obtained positive precipitin 
reactions m 2 of 5 sera, but with only one of two samples of a purified poly¬ 
saccharide. Other reports of positive precipitin reactions with human sera and 
tubercle polysaccharides have been made—for example, by Kropp and Foley 
(1944) in 2 of 11 tuberculous sera and m 2 of 5 normal sera, and more recently 
by Choucroun (1947, 1949) in half of the 298 sera she tested. Precipitin reactions 
m human tuberculosis appear to be inconsistent and their value is difficult to 
assess. Early workers (Bezan 9 on and de Serbonnes, 1909 ; Calmette and 
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Massol, 1910) regarded precipitins in the human disease as unr eliable for diagnosis 
and often not caused by antigen-antibody reactions. They used crude antigens 
containing proteins and lipoids as well as polysaccharides. Porter (1910) claimed 
that precipitin reactions obtained with tuberculin and human sera were com¬ 
pletely non-specific. 

Pinner (1928) compared the serological activity of Zinsser and Parker’s 
(1923) polysaccharide with animal and human serum. A sheep antiserum 
made by injecting the animal with heat-killed bacilli gave a positive precipitin 
reaction, but serum from a sheep infected with the living organism was negative. 
Serum from cases of human tuberculosis was also negative when tested with 
the complement-fixation test. 


Materials and methods 
Polysaccharides 

The following were available : 

Fraction 92. (Seibert et al., 1949). A polyglucosan, containing 
no pentose or other sugar except glucose. 

Fractions 3 and 4. Dextro-rotatory sugars as prepared by 
Haworth, Kent and Stacey (1948). Fractions 3 and 4 were probably 
similar to each other. 

Fractions 7 and 8. Sugars with a low dextro-rotation and 
probably identical with each other (Haworth el al.). 

Fraction T 4 B 2 . Dextro-rotatory material made by ethanol 
precipitation of a watery extract of tubercle bacilli (A. S. Jones, personal 
communication). 

Fraction L.F. Dextro-rotatory material made from an ether 
extract of heat-killed organisms (A. S. Jones, personal communication). 

All the above compounds were made from organisms grown on 
synthetic media containing no protein or other complex organic 
materials. The fractions 3, 4 and T 4 B 2 may be regarded as similar 
to each other and are probably similar to Heidelberger and Menzel s 
(1937) C fractions. Fractions 7, 8 and L.P. resemble each other and 
the B fractions of Heidelberger and Menzel (1937). It is-of course 
impossible to say that complex preparations of this type are quite 
the same as those made by other workers using different methods 
of extraction. Their si mil arity in chemical constitution and their 
reaction with the same immune serum (see page 737) indicate, however, 
that they are closely related. All the compounds were shown to be 
protein-free by the Mill on, Biuret and Sakaguchi tests. 


Antisera 

A 5807. An immune horse serum prepared in 1925 by the weekly 
injection of increasing doses of a defatted human-type tubercle bac us 
(Seibert, personal communication). This serum has been use J 
many American workers (e.g. Heidelberger and Menzel, 19 - -r 

1937 ; Menzel and Heidelberger. 1939 : Seibert et al., 1938, 1949). 
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G 150. An immune horse serum prepared against heat-killed-bovme 
tjpe organisms (Schaeffer, 1946) The organisms were grown on 
Besredka’s medium (Schaeffer, personal communication) 

These two sera were used because they are lugh-titre anti-poly- 
sacchandc immune horse sera of a type used by other workers 

Rabbit sera Fifteen labbits were immunised with living virulent 
human-type tubeicle bacilli, which had been grown on Lowenstein- 
Jensen medium for fi\e weeks Ten mg of moist growth were given 
intravenously each week for three weeks, and the annuals were bled 
ten dajs after the last injection This procedure did not always 
give a good serum, but if the animal was tested for tw o or three weeks, 
and then gi\ en a dose of 1 2 mg , a positn e serum was usually obtained 
There were only two failures with this method and the animals 
tolerated the injections well In a period of eighteen months only 
tw o w ere lost through tuberculosis, and each of these had received a 
total of 100 mg of vuulent organisms in three months The other 
animals remained healthy 

Guinea-pig sera These were obtamed by stunning and bleeding 
animals which had been inoculated in the groin two months previously 
w ith 0 1 mg of living virulent human-type organisms The tubercle 
bacilli had been grown on Low enstem Jensen medium for five week 15 
Emaciated animals were not used, and all the sera were obtamed from 
animals with well developed local lesions and some spread of the 
disease to the abdominal viscera 

Human sera. Blood was coWected from patients with moderately 
advanced pulmonary tuberculosis, from minimal cases and from 
patients with involvement of the bones or of the urogemtal tract as 
w ell as of the lung Sera of patients dangerously ill or moribund were 
not used As a rule each serum was used within three days of its 
collection Foi some of the experiments with homologous com¬ 
plement (see below) the sera were preserved with buffered hypertomc 
sahne containing sodium azide as recommended by Richardson (quoted 
by Mackie and McCartney, 1948) Ten sera were tested against each 
preparation and m all 200 sera were collected Sera from Mantoux- 
positive and from Mantoux-negative healthy people were used as 
controls 

Precipitin tests 

All the polysaccharide fractions dissolved readily in water and in 
isotonic saline As a preliminary to each test a range of antigen 
dilutions was set up against a constant volume of serum, which was 
itself diluted 1 m 2, and the mixture was incubated at 37° C for tv o 
hours and then left in the refrigerator overnight at 2 4° C For 
precipitm-absorption tests, the equivalence zone was first approxi¬ 
mately determined and the serum was then precipitated in this zone 
After being left overnight m the refrigerator, the mixture was 
centrifuged, and the supernatant fluid was removed and treated with 
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one-tenth of the volume of polysaccharide solution originally added. 
It was then left in the refrigerator for 48 hours, after which it was 
again centrifuged. If any precipitate appeared, another volume of 
polysaccharide was added, and the process was repeated. The absorbed 
serum finally had a small excess of antigen as was shown by testing 
a sample with more serum. 


Results 

The highest titres obtained with the animal sera (table) indicate 
that the serological activity of these polysaccharides was approximately 
equal to that recorded by other workers. The results of the precipitin- 


Tajble 

Precipitin reactions of tubercle polysaccharides with immune 
animal sera. The figures refer to antigen dilutions 


Polysaccharide 

fraction 

Optical 
activity 
(degrees of 
dextro-rota- 
tion) 

Highest titre with scrum 

A 5807 (Horse) 

C 150 (Horse) 

Babbit 

Guinea-pig 

' 

92 

165 

100,000 

300,000 

20,000 

100,000 

3 

80 

1,000,000 

1,000,000 

50,000 

10,000 

4 

85 

1,000,000 

1,000,000 

10,000 

50,000 

7 

25 

600,000 

500,000 

200,000 

1,000 

8 

28 

1,000,000 

1,000,000 

10,000 

2,000 

L.P. 

25 

1,000,000 

1,000,000 

50,000 

4,000 

T t B : 

75 

50,000 

500,000 

25,000 

1,000 


Similar, but not identical, results to those in the last two columns were obtained 
with other rabbit and guinea-pig sera. 


absorption tests are not given, because all were positive, i.e. each of 
the compounds was capable of absorbing the antibody for any one 
of the others. The human serum did not give precipitin reactions, 
with the exception of two sera which produced fine precipitates with 
fractions 8 and L.P. and these results could not be obtained consistently. 


Additional tests on human sera 

As the precipitin tests were negative, two other methods of 
detecting antigen-antibody reactions were tried: (1) complement 

fixation ; and (2) agglutination. 

Complement fixation was attempted by two methods. In the first 
the sera were inactivated by heating for 30 minutes at 56° C. and a 
constant amount of the serum was then allowed to react with a range 
of dilutions of the polysaccharide in the presence of 2 M.H-D. of 
guinea-pig complement. In the second method the human complement 
in the freshly drawn serum was used in the hope that the homologous 
complement would be more efficiently fixed by human antibody. 
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To do this, dilutions of fresh unheated serum were incubated with a 
constant quantity of polysaccharide, and the amount of complement 
remaining was estimated and compared with the values obtained 
from a similar series of serum dilutions, which had been incubated 
with isotonic saline. Any difference between the two titres would 
represent fixation. Sera from Mantoux-negative people were treated 
in the same way as controls. All these tests gave negative results. 

Agglutination tests. Several methods of adsorbing antigens to 
serologically neutral particles w r ere tried. Collodion particles were 
made and used as recommended by Cannon and Marshall (1940), 
but these proved unreliable and gave inconstant results. Carmine 
particles, as used by Jones (1945), and suspensions of Serratia 
marcescens (Roberts and Jones, 1941) were also unsuccessful, as were 
suspensions of Cl. wdchii from which the material reacting positively 
in Gram’s method had been removed by the method of Henry and 
Stacey (1946). Another attempt was made using sheep red corpuscles 
for adsorption of the antigen (Burnet and Anderson, 1946 ; Middle- 
brook and Dubos, 1948) and suponsions were also made of the polymer, 
polystyrene, which was precipitated from solution in ethyl acetate by 
acetone and water. These last two methods were used on fractions 4 
and 8 only ; they also gave negative results. Since all these tests 
were negative the conclusion was reached that with the methods used 
the purified polysaccharides specified did not react with sera from 
tuberculous humans. 


Discussion 

The results obtained with animal sera support the conclusions of 
other workers : immune horse sera made with heat-killed or chemically- 
treated organisms have anti-polysaccharide antibodies in high titre, 
while rabbits and guinea-pigs inoculated with living virulent human- 
type organisms have similar antibodies but in lower titre. My 
experiments also show that infected humans do not possess detectable 
antibodies to protein-free polysaccharides. It appears, therefore, that 
the predominant antibody in the sera of tuberculous humans does 
not react with the same determinant group as the antibody in experi¬ 
mentally-infected animals. Such animal sera are probably polyvalent 
and contain anti-protein as well as anti-polysaccharide antibody. 
They may therefore have an antibody with the same specificity as 
that present in tuberculous humans, but this is not identical with 
the high-titre anti-polysaccharide antibody. The chemical nature of 
the specific radicle reacting with human serum is unknown ,* but in 
a paper * given to the Fifth International Congress for Microbiology 
held in 1950 at Rio de Janeiro, Iland, Baldwin, Gilbert and Jones 
claimed that it is associated with a purified protein fraction which has 
also the power to produce a typical tuberculin-type skin reaction in 


This paper will be published in the Proceedings of the Congress. 
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AN INTRAPERICARDIAL TERATOMA IN A 
NEWBORN INFANT 

Albert E. Clatreaux 

From the Department of Pathology, University of Edinburgh 
(Plates CXXX and CXXXI) 

Case report 

History. Baby M., a female infant, was the first of twins bom at the Western 
General Hospital, Edinburgh, on 17th March 1950. She weighed 3 lb. 10 oz. 
at birth and only lived for 15 minutes. She was very cedematous and cyanotic 
at birth and failed to respond to resuscitation. The mother was healthy find 
aged 36 years and had had eight previous children, the last two being twins 
bom in April 1949. All the previous children were alive and well. She had 
felt quite well during her recent pregnancy but had a considerable degree of 
hydramnios and some oedema of the legs for 3 weeks prior to admission. Iler 
blood pressure was normal. The Wassermann reaction was negative and her 
blood was group O, Kh positive. SVib was admitted to hospital on account of 
sudden onset of labour at the 30tli week of pregnancy. She was delivered 
spontaneously of twins on the 17th March 1950 after a normal labour. There 
was a single placenta with one chorion and two amniotic sacs. The placenta 
was complete and was not infarcted. The second twin, also a female, failed 
to thrive and died after 22 days of extra-uterine life. Necropsy did not reveal 
any organic disease. The heart and pericardium were normal. 

Necropsy. The body was that of a small female infant weighing 3 lb. 10 oz. 
The infant was extremely hydropic, the abdomen was grossly distended -with 
fluid and the subcutaneous tissues were very cedematous. 

There was 30 c.c. of clear straw-coloured fluid in each pleural sac and the 
lungs were collapsed. The pericardial sac was greatly distended and contained 
about 20 c.c. of clear fluid. The heart was very small, measuring 2*5 cm. from 
base to apex and 2*4 cm. transversely, and was displaced to the right. It was 
rotated so that the right ventricle occupied the entire anterior aspect of the 
heart. The cause of this displacement was a large round lobulated tumour 
measuring 4*4 cm. X3*l cm. X 2-0 cm., which was firmly attached by a pedicle 
to the left and posterior aspects of the pulmonary artery and ascending aorta, 
upper aspect of left ventricle and lateral aspect of left atrium (fig. 1). The 
blood supply of the tumour was derived from several small vessels coming 
from the adventitia of the aorta. 

The chambers of the heart were very small and the foramen ovale was 
patent but this was not abnormal for the stage of development. Tho pulmonary 
valves, pulmonary trunk and main pulmonary arteries were normal. The 
ductus arteriosus was widely patent. The tricuspid orifice and right ventricle 
were small but structurally normal. The right ventricle occupied the anterior 
aspect of the heart. The left ventricle was rotated posteriorly and was also 
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small. The mitral orifice was guarded by minute but structurally normal 
cusps. The aortic orifice was normal but the first part of the aorta was slightly 
narrowed as a result of compression by the tumour. The left atrium was small 
and very flattened antero-posteriorly. There was no left auricular appendix 
and its position was occupied by the attaeliment of the pedicle of tho tumour 
mass. 

After fixation the tumour was incised. It consisted of multiple cystic spaces 
with solid tissue in the centre of a number of the larger cavities (fig. 2). The 
solid tissue was soft and haemorrhagic. There was little stroma between the 
cysts which varied in size from a few millimetres to 2 cm. in diameter, and 
contained clear sticky fluid. There was only a very narrow partition between 
the wall of the aorta and the cyst cavity. The capsule of the tumour was 
intimately associated with the adventitia of the aorta and of the pulmonary 
artery. 

Histological examination. The tumour was composed of numerous large 
cysts with thin fibrous walls lined by flattened cuboidal epithelium and separated 
from one another by varying amounts of solid tissue. The intercystic stroma 
consisted of fairly vascular myxomatous tissue in which a great variety of 
structures were identified. Numerous small cystic structures lined by respiratory 
epithelium of tall columnar tjpe were found. Closely associated with the latter 
were groups of acini of the salivary gland type (fig. 3). Some arrangements of 
acini and ducts resembled pancreatic tissue. In other areas there were masses 
of undifferentiated neuroglia and numerous circular or elliptical spaces surrounded 
by masses of darkly staining ependymal cells were found (fig. 4). In one section 
a highly vascular connective tissue stroma was covered by a layer of well- 
differentiated ependymal cells to form a small choroid plexus. 

Buried in the centre of a mass of myxomatous tissue were several small 
strips of rather poorly differentiated squamous epithelium. At the periphery 
of one section there was a small circular block of cartilage. No striated muscle 
was found and there was no evidence of the formation of intestinal mucous 
membrane. 

The other organs showed signs of chronic venous congestion. 


Discussion 

Histological examination showed that the tumour was a benign congenital 
polycystic teratoma. Respiratory-type epithelium or neuroglial tissue formed 
the solid part of the tumour and the remainder consisted of mucus-filled cystic 
spaces. 

The tumour had arisen near the great vessels of the base of the heart and 
thus closely resembles the previous cases reported by Joel (1890), Grimm (1927), 
Jellen and Fisher (1936), Gebauer (1942-43) and Willis (1946). Indeed the 
tumour is almost a mirror image of the one reported by Willis. The latter also 
was closely associated with the aorta and pulmonary artery but was lying on 
the right side of the heart whereas the tumour in this case was on tho opposite 
side. The tumour reported by Jellen and Fisher also lay along the right border 
of the heart. 

The site of the tumour and its close relationship to the aorta bear out tho 
theory of Willis that an intrapericardial teratoma is a variety of mediastinal 
teratoma in an unusual situation. All cases of intrapericardial teratoma reported 
up to the present have been found in close relationship to the great vessels. This 
close association is of surgical importance as the aorta may be damaged while 
the tumour is being removed. Such an injury caused a fatal hrcmorrhnge in 
the case reported by Gebauer. 

The general effects of the teratoma here reported were confined to severe 
cardiovascular upset in the systemic circulation. The infant died shortly after 
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Fig 2 —Posterior view of tlie tumour after 
incision There is a large thin w ailed cj st near 
the lower pole 


Tig 1 —Anterior \ lew of tumour mass show 
ing attachment to the left border of the 
heart Numerous small cy sts protrude from 
the surface of the tumour 
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birth and there was no time for changes to occur in the pulmonary circulation 
such as were found by Willis. The teratoma had caused considerable com¬ 
pression of the heart but had not yet exerted any pressure on the lungs as had 
the tumour reported by Jellen and Fisher. 

All the mtrapencardial toratomas so far reported have occurred m infants 
or children. The present patient was the youngest and the ages of the others 
•varied from 4 weeks (Jellen and Fisher) to 14 years (Joel) Willis’s patient was 
10 weeks old at the time of admission to hospital. The ago of sun lva! depends 
on the interference by the tumour with the efficiency of the heart. In the present 
case this interference was so extreme that cardiac failure developed in utero 
and the infant was hydropic at birth In other cases reported, pulmonary 
embarrassment duo to direct pressuro of the tumour on the lungs had occurred 
before the onset of cardiac failure and in such patients the presenting symptoms 
wore cough, dyspnoea and cyanosis 

Congenital heart disease may co exist with mtrapencardial teratoma. In 
the case reported by Jellen and Fisher the foramen ovale and ductus arteriosus 
were widely patent at the age of 4 weeks These structures were also patent 
in tlio present case, but tins is normal for the stage of development. 


Summary 

At autopsy an mtrapencardial teratoma was found attached to the heart 
and great vessels of a newborn infant. This is the sixth case of this type to be 
reported. 

I wish to thank Dr A. Duncan of the Western General Hospital Maternity 
Unit for the clinical details, and for permission to publish the case. The photo¬ 
micrographs were made by Mr T. C. Dodds of the Photomicrography Unit of 
Edinburgh University. 
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NASAL CARRIERS OF PATHOGENIC STAPHYLOCOCCI IN 
RELATION TO PENICILLIN SENSITIVITY 

J. Stanley Elwood 

Department of Clinical Pathology, Si Thomas's Hospital , London 

Examination of nasal swabs taken from 126 patients, 47 males and 79 females, 
on their first attendance at hospital gave the following results :— 

Fifty four (42 8 per cent.) harboured coagulase-positive staphylococci, the 
carrier rate among females was 53 2 per cent, as against 25 5 per cent, among 
males All 54 strains of Staph, pyogenes were penicillin-sensitn e. Fifty were 
alpha-lysmogenic. Phage typing, using the method of Wilson and Atkinson 
(1946), showed that no particular phage type predominated among the strains 
of Staph pyogenes isolated. 
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Discussion 

It is probable that the high incidence of penicillin-resistant Staph, pyogenes 

WMtehSHotn 1 P n tleQ ‘ S iS larg6ly du0 t0 cross mfection (see Barber and 
Thomson ’ieSf 5 ®. Mber ’ Hayhoe and Whitehead, 1949, and Rountree and 
Thomson, 1949). The incidence of infection with such organisms in the 

. ; large ’ altll0u g h more difficult to determine, is almost certainly 
- e ,' T™ authors quoted showed that the incidence of nasal carriers of penicillin- 
resistant Staph, pyogenes is much lower among non-hospital workers than among 
hospital workers. The present mvestigation is in agreement with this : although 
o4 out of 126 patients were found to be nasal carriers of Staph, pyogenes on their 
st attendance at hospital in no case was a penicillin-resistant strain isolated. 
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ABSENCE OF BETZ CELLS IN DIFFUSE GLIOSIS OF THE 
BRAIN WITHOUT DEMYELINATION 

L. Crome 

From the Department of Neuropathology, 

The Fountain Hospital, London 

(Plate CXXXH) 

Diffuse gliosis of the white matter with little or no loss of myelin was found 
in 4 cases of microcephaly described by Freeman (1927). This gliosis was most 
marked in the “ lower parts ” of the brains. The brains of 22 other mental 
defectives belonging to different clinical groups have been examined by Meyer 
and Cook (1937), who were impressed with the frequency of such diffuse gliosis 
in their material. They confirmed that it was not associated with a loss of 
myelin and that signs suggestive of preceding or active destructive processes 
were absent. In a later paper, Meyer and Jones (1939) found similar gliosis in 
10 out of 15 cases of mongolism. The gliosis must be distinguished from that 
seen in Schilder’s disease, where it is accompanied by a marked loss of myelin 
and by a large number of fat-laden phagocytes. 

Nothing is known about the ajtiology or the pathogenesis of the condition, 
although Meyer and Cook suggested that some disturbance in the blood supply 
or defective tissue oxygenation might play a part. 

The object of this report is to present a case in which diffuse gliosis of tho 
white matter was associated with an absence of Betz cells. Total absence of 
Betz cells in a brain with an otherwise normal cortical lamination has not been 
described before. In a ease contributed by Fattovich (1950), absence of Betz 
cells was found in the brain of an idiot and was associated with numerous cyto- 
architectonic defects and with certain other features suggestive of tuberous 
sclerosis. 
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Fiq 1 —Coronal section of oct ipitnl lobo 
showing diffuso gliosis of vhito matter 
Holzer stnm 



Fig 2 —Coronal section of occipital lo 
No defect in modulation Heidenliain's 
mjehn stnm 



Fig 3 —Fibrous gliosis of medulla and Tic 4—Medulla and cerebellum with no loss 
white matter of cerobelltim The dentate of mj cl mat ion Hculenliatn s mjelin stain 

nucleus and cranial ner\e nuclei are 
spared Holzer stnm 
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Case report 
Clinical history 

Tho patient was admitted to the Fountain Hospital as a mental defective 
at tho ago of 14 months His family history was negative, and his one elder 
brother, aged 5, was healthy Tho patient was bom after a normal pregnancj 
and labour, and no jaundice or any other abnormality had been noticed during' 
tho neonatal period At tho ago of 3 months he developed gastro enteritis, for 
winch he v as treated in hospital Another period of hospital treatment followed 
at 1 jear, when he had whooping cough His mental backwardness does not 
appear to have been noticed till he was 9 months old, when he was described 
as being helpless, and unable to sit or to hold up his head Convulsiv e fits were 
said to have occurred At \ arious times prior to Ins admission to the Fountain. 
Hospital, but none was observed wlulst he remained there as an m patient 
He had, howe\ er, small choreiform movements of his face and legs He could 
not chew his food, had to be fed with a spoon, and his montal level was that of 
an idiot Whilst in hospital he developed a left otitis media, from which 
he recovered At the age of 2 years he contracted pneumonia and died 


Post mortem examination 

The short available autopsy report reads as follows “ At post mortem 
both bases of the lungs showed consolidation There was a superficial engorge 
ment of tho brain, and the pyramids of the kidneys showed yellow linear stnation 
due to a deposit of sulphadiazine ” 

Examination of the brain 

The brain weighed 860 g and presented no naked eye abnormality 

Examination of sections stained for fibrous glia with the Holzer method 
showed generalised gliosis of the white matter throughout the brain The 
gliosis was seen m the cerebral hemispheres, the internal and external capsules?, 
m the periventricular white matter, Ammon’s horn cerebellum and m the 
brain stem (figs 1 and 3) It was more marked in the infra tentorial parts of 
the brain, and was particularly dense around the aqueduct and in the floor 
of the fourth ventricle The contrast between the affected white and the intact 
grey matter was \ery striking in the cerebellum, where the cortex and the 
dentate nuclei were spared, and in the medulla, where the inferior olives and 
the cranial nerve nuclei were likewise unaffected There was no evidence of 
defective myelmation in any part of the brain (figs 2 and 4) 

3STo Betz cells were found in the precentral area although they were searched 
for in serial sections of the entire cortex containing the central fissure Tho 
lamination of the motor area was, like that of the rest of the cortex, normal, 
and large pyramidal cells were present in its fifth layer None of them was, 
however, large enough to be described as Betz cells Nissl staining showed ail 
increase m the number and pleomorphism of glial cells in the ghosed white 
matter Some “ Gliarasen ” forms were also present The pyramidal tracts 
were normal 

Discussion 

It is known that such gliosis as has been described above occurs m mental 
defectives of different clinical groups so that it is unlikely to be the result of 
one 'etiological factor No explanation is offered for the absence of the Betz: 
cells but as there was no gliosis of the motor cortex, their absence must be 
regarded as congenital 
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It is now generally agreed that the Betz cells give origin to only a small 
proportion of the fibres in the pyramidal tract. Several German workers, 
including BieLsehowslcy (1917-18), have published cases in which considerable 
cortical abnormality was associated with intact pyramidal tracts. The 
preservation of the pyramidal tract in the present case therefore calls for no 
further comment. 

The difficulties of identifying Betz cells are well known and the problem 
has been fully discussed by Walshe (1942). It is not denied that some of tho 
large pyramidal cells might be identical with the smaller Betz cells and no 
conclusions are drawn about the relationship between the clinical features of 
the case and the absence of the larger cells. 


Summary 

Diffuse gliosis of the white matter without demyelination, or evidence of 
destructive processes, in the brain of an idiot child was associated with a 
congenital absence of Betz cells. 

My thanks are due to Professor A. Meyer, Dr R. M. Norman and Dr T. 
Maclardy for their assistance and helpful criticism. 
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THE CUTTING OF SECTIONS FOR ELECTRON MICROSCOPY, 
USING ESTER WAX AS AN EMBEDDING MEDIUM 

T. H. Flewetx and C. E. Challice 
National Institute for Medical Besearch, London 
(Plate CXXXHI) 

Various techniques have been described for cutting very thin sections for 
the electron microscope. Pease and Baker (1948) and Hillier and Gottner 
(1950o and b) have successfully sectioned material doubly embedded in 
celloidin and hard paraffin wax. Newman, Borysko and Swerdlow (1949) 
described a method whereby tissue, after dehydration in alcohol, was soaked 
in the monomer of butyl methacrylate, which was then polymerised, leaving 
the tissue embedded in a block of solid resin. This method has been successfully 
used by Wyckoff and his colleagues (Black, Morgan and Wyckoff, 1950 ; Smith 
nnd Wyckoff, 1950) and by Bang (1950). A third method used by Claude and 
Fullam (1946) requires that material embedded in a mixture of naphthalene 
be cut at the speed of sound. 

We have experimented with the first two methods. We used for the roe 1 - 
ncrylate-embedded tissue an M.S.E. rotary microtome, advancing the specimen 
bv the thermal expansion of a brass block between tho specimen and microtome. 
Although sections sufficiently thin in places were readily obtained, they v ' cre 
mot of uniform thickness and the thickness varied from area to area within 
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each section Furthermore, for the electron microscope to reveal useful 
histological detail m such a specimen, it is necessary to dissolve away the 
embedding material, and, as Hillicr and Gettner (1950 51) have shown, gross 
artefacts are thereby caused It was obvious from some of our micrographs 
that this had taken place 

Hopuig to impro\e on our results, we experimented with other embedding 
methods 

(1) Double embedding with celloidm and paraffin wax (M P 56°) 

(2) Double embedding with celloidm and paraffin wax (3\I P G5°) 

(3) Double embedding with celloidm and ester wax containing 1 per cent 

D C 550 silicone * 

(4) Embedding w jth ester wax containing 1 per cent D C. 550 silicone 

Ester wax is less hydrophobic than paraffin wax (Steedman, 1947) The 
addition of the silicone made it less easily wetted and did not change its cutting 
properties Tor soft organs method (4) was most successful Pieces, 1 mm 
cube, of mouse hv er or ludnej wore fixed in 1 per cent osmic acid for 2 4 hours 
at 4° C , washed, cleared, and dehydrated in three changes of ethyl “ cellosolve ” 
(ethyleno glycol mono ethyl ether) and infiltrated with ester wax, to which 1 per 
cent silicone had been added, m a vacuum oven at 66° for 4 hours or over 
night The tissue and wax were then cast in blocks as described by Steedman 
The shrinkage and distortion in sections obtained from tissue so embedded 
were less than by any other method we have tried 

Sections were cut using a Cambridge rocking microtome designed to cut 
at 0 2 (i A perspex trough, mounted on the knife on the side away from the 
specimen block, was filled with distilled water so that the sections floated on 
the surface as they came off the knife edge In this way ribbons of up to 20 
sections were readily obtained Although good sections could be obtained at 
room temperature (c 20® C ), better results were obtained by cuttmg in the 
cold room at 4° C , there was less tendency at 4° for sections to be split by 
minor irregularities of the knife edge The block of tissue was brought very 
slowly across the knife edge Variations in speed produced irregularities m 
■thickness of the sections but with care the variations, as shown by compression 
of the sections, were loss than ±10 per cent 

It was of great assistance to watch the cutting of the section through a 
"binocular dissecting microscope having a magnification of about X 20, the 
small lens supplied with the microtome was not adequate The meniscus of 
■the water should come up to the edge of the knife , the level of the water may 
be very slightly lower Sections cut -with the meniscus just below the edge 
were crumpled , given a few seconds, they usually flattened out but always 
contained some small residual folds which were often not noticed until the 
specimen was m the microscope, although the folds did not interfere with 
observation of the areas between them 

We found the chono allantoic and ammotic membranes of the chick embryo 
difficult to cut when embedded by method (4) The section was apt to split 
at the junction of the wax and the tissue, and also the tissue in the face of the 
"block tended to become wet, despite the addition of the silicone Satisfactory 
sections were ob tamed after embedding by methods (2) and (3) us mg a final 
■concentration of 8 per cent “ necoloidme ” (BDH) When cuttmg blocks 
embedded by method (3), however, no addition of alcohol to the water in the 
perspex trough attached to the knife was found necessary It is probable that 
Touch of the difficulty was due to the presence of the erythrocytes of the chick 
embryo, whose nuclei are rather hard, tending to cause tears in the section where 
many of them were present, as in branches of the allantoic veins 


* A proprietary name for Silicon oils, the property of Dow Coming Co Inc , U S A 
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Diothylene glycol distearate alone, with the addition of 1 per cent, silicone, 
gave better results than ester wax with hard tissues. Ribbons of sections at 
0-2 y were easily obtained even with amnion from developing eggs, although 
there was still considerable deformation due to compression of the tissue. 

For obtaining satisfactory sections, the sharpness of the knife was a limiting 
factor the sharper the knife, the thinner the coherent sections which could be 
produced. The knife was sharpened on a glass hone which had its surface 
very lightly ground. For sharpening a knife with a very poor edge, the surface 
of the hone was first dressed with “ Sira ” abrasive (supplied by the United 
Kingdom Optical Co. Ltd.) mixed to a paste with thin paraffin oil. As the honing 
proceeded, the grains of alumina were broken down and the paraffin evaporated, 
leaving the surface of the hone smooth and dry. The irregularities in the edge 
after this treatment were about 10-15 y deep. The hone was carefully cleaned 
and next dressed with a similar paste of levigated alumina (supplied by the 
Cambridge Instrument Co. Ltd.). The edge after this treatment contained 
irregularities about 3-5 /t deep, and the facets in contact with the hone had a 
good polish. The hone was again cleaned with xylol and dressed this time 
with a paste of thin paraffin and “ Mieroid ” grade 3/50 polishing alumina 
(made by Griffin and Tatloek Ltd.). After this, the irregularities in the edge 
were 1-2 y deep at the most; stretches of edge up to 1 mm. long were obtained 
with irregularity less than 1 y deep. The facets of the knife had a brilliant 
polish and were free of all but the most minute scratches. No further improve¬ 
ment was obtained by the use of the “ Gamma ” microid alumina, claimed 
by the makers to be finer than the 3/50 grade. No stropping was necessary 
after the knife had been so sharpened. Once it had been brought to this state, 
a few minutes’ treatment with the 3/50 grade of alumina was sufficient to 
restore its edge after it had been dulled by cutting sections. Safety razor blades 
were not sharp enough or rigid enough to give uniform sections; in fact, it 
was found advantageous to increase the angle subtended at the edge of the 
knife by attaching a “ back ”, such as is used in sharpening wedge-shaped knives. 
This had the effect of increasing the rigidity of the edge and enabled more 
uniformly thick sections to be cut. The knives used with the microtome were 
the “ light ” type, manufactured by the Wilkinson Sword Co. Ltd.; they are 
slightly hollow-ground on each side. 

The sections were picked up on electron microscope grids previously coated 
with a “ Formvar ” (polyvinyl formaldehyde plastic) film made by evaporating 
a 0-5 per cent, solution of Formvar in ethylene dichloride on a glass slide and 
stripping off the membrane thus formed in a dish of water. 

Hi H i nr and Gettner (1950o and b) recommended that the sections should 
be put into the electron microscope without removal of the wax; they used 
the heat generated in the specimen by the electron beam to cause the wax to 
sublime off in the vacuum within the microscope, but wo found that the 
embedding material, whether ester wax or paraffin wax, was incomplete!} 
removed in this way. Other workers appear to have encountered this trouble 
also (I. M. Dawson, personal communication). We were able to remove the 
ester wax completely by exposing the grids bearing the sections to radiant 
heat from hot wires within the vacuum produced by a rotary pump, adjusting 
the heat so that the wax was just not melted, this latter point being watcliet 
by means of the dissecting binocular microscope. Sections treated in this 
stood up well to bombardment by the electron beam in the electron miero.-cope. 

A few sections were “ shadowed ” with a 50 per cent, gold-* 1 minnlpha 
alloy after the wax had been sublimed off; no increase in definition was found 
due'to the shadowing, although an apparent increase in contrast was produced 
(fig. 3), while the evaporation of a slightly thicker layer of metal on to the specimen 


* A proprietory name, tho property of Johnson Hatthey & Co. Ltd., London. 
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Fig 2 —T1 e area outlined in fig 1 
xc 10 000 



Fio 3 —■'Normal mouse li\ er cell with 2 nuclei 
Shadowed with a 50 per cent gold mimlpha 
olloj, at arc tan l/o to gi\e deposit of 4A 
XG000 
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•obscured the finer detail It is possible, however, that some specimens, 
particularly if extremely thin, might bo better revealed after shadowing. 

The illustrations (figs. 1-3) are all from sections of normal mouse liver, 
fixed by immersing small fragments in 2 per cent (w/v) osmium tetroxide 
solution and embedded by method (4) Results of this nature can be obtained 
even, day and nro in no way exceptional. The resolution in fig 2 is better than 
200 A , sometimes one gets resolution of 100 A or better, but this cannot be 
guaranteed. 

Sections embedded and sectioned at 0 G y. by this method hav e been found 
satisfactory for examination by direct and phase contrast microscopy m both 
visible and ultraviolet light. For visible light, it is necessary only to plac© a 
drop of immersion oil on the dried section , but for ultraviolet microscopy the 
embed ding medium must bo dissolved away by amyl acetate and the section 
mounted m castor oil. 

Summary 

A method is described of cutting serial thin sections for the electron micro¬ 
scope. Soft tissue is cut m cubes 0 5 1 mm. 3 , fixed in osmic acid, washed, 
fixed and cleared in cellosolve, and embedded in ester wax containing 1 per 
cent, silicone Harder tissue is double embedded in 8 per cent “ necoloidine ” 
and ester wax containing 1 per cent silicone. The sections are cut 02/i thjck 
on a special Cambridge rocking microtomo, while the wax is sublimed off the 
section by heating in vacuo before examination in the electron microscope. 
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A RAPID AND EASY METHOD OF DE CALCIFICATION 

J. Engelbreth Holm and C. M. Plum 
The University Institute of Pathological Anatomy, Copenhagen 

(Plate CXXXIV) 

Many decalcification methods are available for histological purposes but 
a completely satisfactory solution of the problem has not, so far, been attained. 
A review of the comprehensive literature shows that most workers who have 
had to cope with the problem have tried several methods, eventually finduig 
that a modified form of one of the well known methods was suitable for their 
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particular purpose, Kristensen’s monograph of 1949 provides a detailed table 
surveying all the methods hitherto published. 

Most of the methods by which good, reliable preparations are obtainable 
have the disadvantage that a rather long time is required for the process, a 
period up to three months being not unusual, which in diagnostic work is a 
serious drawback. 

Thus Richman, Gelfand and Hill’s method, published in 1947, was a significant 
advance. This so-called electrolytic method was reported to require a shorter 
time, and the results were good and reliable. 

The procedure is as follows : the specimen to be decalcified is wound with a 
platinum wire and arranged as the positive electrode in a vessel containing a 
mixture of equal proportions of 10 per cent, formic acid and 8 per cent, hydro¬ 
chloric acid. A 3 mm. platinum wire is used as negative electrode. When an 
electrical current of adequate amperage is passed through the electrolytic bath 
decalcification of the specimen occurs. The rate of decalcification is greater 
than in any other method and a vigorous evolution of gas occurs at the positive 
electrode throughout the process. 

Broadly, the results of our experiments have been similar to those of Richman 
et al. but the more delicate cell structures, e.g. in biopsies of bone, were frequently 
destroyed, probably on account of the rather concentrated acids used. We 
thought it advisable, therefore, to introduce various modifications. The applica¬ 
tion of currents of higher amperages than those indicated by Ricliman el al. 
gave inferior results. By testing the various decalcifying fluids, however, 
it was proved that mixtures of 40 per cent, formic acid and 7 per cent, sodium 
formate in equal proportions (fluid no. X in Kristensen’s work) were far less 
damaging to the cell structure, and did not prolong to any noticeable extent 
the time required for the process. 

The idea underlying the electrolytic method is the ingenious one that the 
migration of the positive Ca-ions towards the negative electrode is accelerated. 
It is rather doubtful, however, whether this is the explanation, since it cannot 
be presumed that a specimen of tissue wound with platinum wire at a certain 
potential becomes charged with the same potential throughout its bulk. It 
seems justifiable to presume, however, that the vigorous evolution of CO- round 
the positive electrode might effect a more intense agitation of the decalcifying 
fluid than is usual, and thus accelerate the process. 

Wilson (1934) using a 20 per cent, solution of nitric acid showed an 
accelerating effect and other advantages of using negative pressure in deealei- 
fication. 

Table 


Time in hours, required for the decalcificalion of various specimens of bone, carnc 
out in a mixture of equal proportions of 40 per cent, formic acid and / per 
cent, sodium formate tinder various experimental conditions. 


Specimen 

Control (hour*) 

E/ectroIrt/c tat?/ j vacuum (hours) 

(hour>) 

Bib (human) .... 

Section of femur (human) 

Canine tooth (human) 

Molar tooth (human) . 

Mandible (rat) .... 
Femur (rat) .... 

3G-G0 

120-144 

144-172 

15G-20S 

4S-72 

4S-72 

o-S j 2-5 

24-48 ! 13-32 

36-72 1 18-30 

4S-9G ’ 24-40 

12-36 . S-10 

12-30 ! 10-20 

J 


Consequently, experiments were made in which the decalcification 
irried out in the same fluid (formic acid-1-formate) but m lacuo m 
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Fig. 1.—Radiographs of rut jaws, the upper pair taken before deealcifieation and 
the lower pair after deealcifieation for 6 hours in vacuo (specimen to the left) and 
at atmospheric pressure (specimen to tho right). 

Fia. 2.—Rat femur decalcified in formic acid + formate in vacuo for 0 hours. 
Hrematoxylin and oosin. x 100. 

Fig. 3.—Rat fomur decalcified in formic acid+formato in vacuo for 6 hours. H. and 
E. X 960. 

Fig. 4.—Section of bone from human fomur decalcified in vacuo for 24 hours. 
H. and E. X 100. 

Fig. 6.—Section of rat tooth decalcified in vacuo for 16 hours. H. and E. X 100. 

Fig. 6.—Section of human molar tooth with pulpitis, decalcified for 30 hours. H. and 
E. X 260. 
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that the liberated carbon-dioxide was removed. The period of time required 
for docalcification proved to bo shorter than in Richman et aVa electrolytic 
method. 

Tim table records the times required for decalcification by the electrolytic 
and the vacuum methods and for docalcification using, ns a control method, the 
6ame decalcifying fluid but neither electrolysis nor a vacuum. Fig. 1 shows 
X-rny photographs of rat mandible before docalcification and after deealcifica* 
tion by Richman cl al.'s method and by the vacuum method. 

The photomicrographs of bones and teeth after decalcification in vaevo 
demonstrate tho efficiency of the method (figs. 2-G). 

For larger specimens of solid bone tho decalcifying fluid should be changed 
every 24 hours. A big desiccator holding several slides at a time serves as a 
vacuum chamber. If vacuum chambers made of glass are used they should bo 
surrounded by wire netting sinco the glass chamber may explode. 

Summary 

Decalcification in a mixturo of equal proportions of 40 per cent, formic 
acid and 7 per cont. sodium formate in vacuo provides satisfactory results in 
shorter time than is required by any other method, 2-5 hours for ribs and 24-40 
hours for a molar tooth, and tho histological details are perfectly preserved. 
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INTRA-AURICULAR SPREAD OF A BRONCHOGENIC 
CARCINOMA 

H. J. White ley 

The Department of Pathology, University of Sheffield 
(Plate CXXXV) 

Although it is well recognised that invasion of the pulmonary vein is o 
common occurrence in the spread of bronchogenic carcinoma, the following 
case shows some unusual features. 

Clinical history 

The patient, a man aged 65, was admitted to hospital extremely ill and com¬ 
plaining of breathlessness on exertion, cough with blood-stained sputum and 
loss of weight for the last three months. Radiographic examination revealed 
gross mediastinal shift to the right due to collapse, which was considered to bo 
due to an underlying neoplasm. His condition became worse and ho died in 
six days. 


J. PATH. B-iCT.—VOL. LXHI 


3 n 2 




754 J. C. OOLBECK, S. HILDA DOUGLAS AND JOAN TAYLOB 


Autopsy 

The body was extremely wasted and dehydrated. There was slight clubbing 
of the fingers. 

Respiratory system. The right pleural cavity contained a few ounces of 
blood-stained fluid and recent fibrinous adhesions were present over the greater 
part of the right middle and lower lobes which were partially collapsed. The 
trachea contained a considerable amount of blood-stained muco-pus and the 
mucosa was reddened. The mucosa of the right bronchus about 14 in. from the 
bifurcation was thickened, with a finely nodular surface; this was continuous 
with a mass of fine white growth (2 in. diameter) which encircled the bronchus 
and almost obliterated the bronchus to the middle lobe. Congestion and early 
bronchopneumonia of the right middle lobe and gross semi-confluent broncho¬ 
pneumonia of the lower lobe were present, the bronchi being dilated and filled 
with thick green pus. The right upper lobe was cedematous and the left 
lung was cedematous and congested. The hilar lymph nodes were firm, white 
and enlarged. 

Cardiovascular system. The growth had invaded the pulmonary veins 
of the right middle lobe and extended as solid cords towards the periphery 
of the lung. Centrally the vein was completely occluded by the growth (fig. 1) 
which projected as a firm lobular mass (24 in. X li in.), free from thrombus, 
into the left auricle (fig. 2). Microscopically the growth was an oat-celled 
carcinoma of bronchus, the intra-auricular mass having a well-developed 
stroma (fig. 3). 

Apart from the enlargement of the hilar nodes, no metastases were seen, 
either macroscopically or microscopically. The remaining organs showed 
congestive changes only. 


Comment 

Willis (1934) states that carcinoma of the lung frequently penetrates the 
pulmonary veins or their main tributaries and sometimes grows along the 
lumen of the vein and projects into the cavity of the left auricle. The case 
now reported is of interest in that, in spite of extensive invasion of the 
pulmonary veins and spread into the left auricle, there were no blood-borne 
systemic metastases. 
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A NEW SALMONELLA TYPE : SALMONELLA MENSTON 

J. C. Coi/BECK,* S. Hilda Douglas and Joan Taylor 

From the Public Health Laboratory, Wakefield and the Salmonella 
Reference Laboratory, Colindale, London 

Two cultures of a new Salmonella type of organism were received during 

The first culture was isolated from a specimen of feces from a child o 
2 years who was recovering from acute gastro-enteritis. A specimen o _ 


* Present address : Shaughnessy Hospital, Vancouver. 





Fig. 1.—Pulmonary vein filled with tumour. 
Hematoxylin and eosrn x 0 



Fia. 3 —Appearance of intra auricular mass 
showing a typical oat-celled carcinoma 
with woll-dcseloped stroma. H. and E. 
X 190. 



Fig. 2.—Heart showing intra-auricular mass. X c. 0*5. 
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taken about 2 weeks previously during the acute phase yielded a culture believed 
to be Salm montcvidco, but this strain was not fully investigated 

The second culture was isolated from a patient aged 12 years diagnosed 
ns suffer mg from infective endocarditis This patient gave a history of mild 
gastro enteritis during the week preceding her admission to hospital The 
Salmonella was isolated from the blood clot of a specimen taken for Widal 
reaction Tho relationship of this organism to the clinical disease is obscure 
ns blood taken a week earlior was sterile A third specimen of blood taken a 
month later was also sterile but the patient was receiving treatment with 
penicillin and sulphamerazine at the time 

During 194S 50, seventeen cultures having an antigenic structure and 
biochemical reactions identical with those of tho new type, have been isolated 
The source of these cultures is given m tho table 

Table 

Source of 17 cultures of Salm menston isolated durtnq 1948 50 


Source 

Vo of cultures 

Human cases of gastro enteritis 

0 

Human healthy excretors 

2 

Human—clinical condition unknown 

3 

Sick turhejs (pooled material) 

1 

Rn er water 

1 

Animal 

1 

Total 

17 


Bacteriology 

On desoxycholate citrate agar this organism produced non lactose fermenting 
•colonies typical of the Salmonella group It is a Gram negative, motile bacillus 
with the following biochemical reactions fermentation of glucose, maltose, 
mannitol, dulcitol, sorbitol, rhamnose, xylose, trehalose, and inositol with 
the production of acid and gas in 24 hours, fermentation of arabmose with 
“the production of acid and gas m 48 hours , fermentation of dextrin with the 
production of acid only m 48 hours, no action on lactose, saccharose, salicin, 
and adonito] The citrate utilisation test was positive, H 2 S was produced 
but mdol was not formed , gelatin was not liquefied, and urease was not 
produced When examined serologically the organism was agglutinated to 
•tifcre by Salm oramenburg O serum and reciprocal absorption tests using this 
serum and one made with the new strain proved that the O complex was VI VII 

This organism was monophasic and was agglutinated by Salm montevideo 
H (g, m, s) Berum but not quite to titre Testing with single factor sera con 
taming in, s, and t antibodies, this organism was agglutinated by s and t but 
not by m Reciprocal absorption tests using Salm senftenberg H (g, s, t) serum 
and a serum made with the new strain proved that the H complex of these 
two organisms was the same 


Summary 

A new Salmonella type has been described, Salm menston (VI VII g, s, t) 
This organism has been isolated from faeces of human cases of gastro ententi3 
and healthy excretors, from human blood clot, turkeys and river water 
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576.809.331 : 547.963 . I 
THE GROWTH-PROMOTING ACTION OF MUCIN 

A. F. Maccabe and H. K. King 
From the Department of Bacteriology, University of Edinburgh 

(Plate CXXXVT) 

In studies of the virulence-enhancing action of gastric mucin, Maccabo and 
King (1951) found that the principal virulence-enhancing action of gastric 
mucin was the result of its property of damaging leucocytes. During this work 
the question also arose whether gastric mucin might sometimes have a growth- 
promoting effect. This paper records experiments carried out in vitro to 
ascertain whether certain micro-organisms grow better on mucin-conta inin g 
media than on ordinary media in routine use. 


Materials and methods 

The mucin was the same batch as that used for the tests on the virulence- 
enhancing action (Maccabe and King): Granular Mucin, type 1701—“W” 
of Wilson & Co., Chicago. Tho mucin suspension was made with water, the 
material being dispersed by gentle shaking, sterilised by heating to 100° C. 
for 20 minutes, and adjusted to pH. 7-2 by aseptic addition of a sterile phosphate 
buffer. The active fraction in the commercial product was concentrated by 
high-speed centrifugation of crude mucin suspensions. The sedimented material, 
fraction A of Maccabe and King, had a virulence-enhancing activity at least 
six times that of the crude product. The mucin suspension was incorporated 
in the solid medium to give final concentrations of 0-7 per cent, mucin for the 
crude product and 0-03 per cent, mucin for the refined fraction (fraction A), 
or mucin suspension and nutrient broth were mixed in equal proportions. The 
media used were blood agar, nutrient agar, nutrient broth, Loffler’s serum and 
Hoyle’s blood tellurite (Mackie and McCartney, 1948). The inoculum was one 
standard loopful of a 24-hour culture, or a dilution thereof. The inoculated 
media were incubated for 18-24 hours at 37° C., when the resultant growth 
was estimated or the colonies counted, and comparison was made between the 
mucin-containing medium and ordinary medium in routine use. 


Results 

Remarkable stimulation of growth was observed with Gorynebacteriwn 
diphthericE, Neisseria gonorrhoeal, and N. intracellularis. Slight growth-pro¬ 
moting effect was found with Salmonella typM, Salm. paratyphi-B, Streptococcus 
pyogenes. Staphylococcus aureus, Staph, albus and Gorynebactenum xerosis. 
Results were negative with Bacterium coli and Diplococcus pneumonia 1 . 

C. diphtherias. In a typical experiment a single colony of type gratis was 
subcultured from Hoyle’s blood-tellurite medium into 10 c.c. of nutrient brot; . 
Another similar colony was inoculated into a mixture of 5 c.c. of nutrient wo 1 
plus 5 c.c. of 3 per cent, mucin suspension. After incubation for 18 w. a 
37° C. a rough comparative count was made by plating a loopful of a 1 in 
dilution of each medium on Hoyle’s blood-tellurite medium. The nun 1 ® r ° 
colonies after 18 hr. at 37° C. was : from the broth cultures, 29 : from the oro 
and mucin, over 450. The colonies from the broth and mucin were also m 
larger. In experiments where mucin was incorporated in the so 1 me 
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Figs 3 and 4—An IS hour growth of C diphtheria:, type gra\is, on ordinary blood 
agar fig 3 without and fig 4 with mucin Both plates inoculated from tho 
same 24 hour broth culture 
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Tigs 5 and 0 — \n 18 hour growth of tho meningococcus on blood agar fig 5 without, 
and fig G with mucin Both plates inoculated from tho same 24 hour broth 
culture 
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THE GROWTH-PROMOTING ACTION OP MUCIN 

A. F. Maccabe and H. K. King 
From the Department of Bacteriology, University of Edinburgh 

(Plate CXXXVI) 

In studies of the virulence-enhancing action of gastric mucin, Maccabe and 
King (1951) found that the principal virulence-enhancing action of gastric 
mucin was the result of its property of damaging leucocytes. During this work 
the question also arose whether gastric mucin might sometimes have a growth- 
promoting effect. This paper records experiments carried out in vitro to 
ascertain whether certain micro-organisms grow better on mucin-containing 
media than on ordinary media in routine use. 


Materials and methods 

The mucin was the same batch as that used for the tests on the virulence¬ 
enhancing action (Maccabe and King) : Granular Mucin, type 1701—“ W ” 
of Wilson & Co., Chicago. The mucin suspension was made with water, the 
material being dispersed by gentle shaking, sterilised by heating to 100° C. 
for 20 minutes, and adjusted to pH 7-2 by aseptic addition of a sterile phosphate 
buffer. The active fraction in the commercial product was concentrated by 
high-speed centrifugation of crude mucin suspensions. The sedimented material, 
fraction A of Maccabe and King, had a virulence-enhancing activity at least 
six times that of the crude product. The mucin suspension was incorporated 
in the solid medium to give final concentrations of 0-7 per cent, mucin for the 
crude product and 0-03 per cent, mucin for the refined fraction (fraction A), 
or mucin suspension and nutrient broth were mixed in equal proportions. The 
media used were blood agar, nutrient agar, nutrient broth, Loffler’s serum and 
Hoyle’s blood tellurite (Mackie and McCartney, 1948). The inoculum was one 
standard loopful of a 24-hour culture, or a dilution thereof. The inoculated 
media were incubated for 18-24 hours at 37° C., when the resultant growth 
was estimated or the colonies counted, and comparison was made between the 
mucin-containing medium and ordinary medium in routine use. 


Results 

Remarkable stimulation of growth was observed witli Corynebacterwm 
diphtherias, Neisseria gonorrhoeas, and N. intracellularis. Slight growth-pro 
moting effect was found with Salmonella typhi, Salm. paratyphi-B, Streptococcus 
pyogenes, Staphylococcus aureus, Staph, albus and Corynebacterium xerosis. 
Results were negative with Bacterium coli and Diplococcus pneumomce. 

G. diphtherias. In a typical experiment a single colony of type gravis wa 
subcultured from Hoyle’s blood-tellurite medium into 10 c.c. of nutrien ro 
Another similar colony was inoculated into a mixture of 5 c.c. of nutrien ^ 
plus 5 c.c. of 3 per cent, mucin suspension. After incubation or 1 {qqq 
37° C. a rough comparative count was made by plating a loopful o a 0 f 

dilution of each medium on Hoyle’s blood-tellurite medium. 16 n hroth 
colonies after 18 hr. at 37° C. was : from the broth cultures, 29 = from the bro^ 
and mucin, over 450. The colonies from the broth and mucin mcdia a 

larger. In experiments -where mucin was incorporated in 



GROWTH-PROMOTING ACTION OF MUCIN 


757 


more luxuriant growth was obtained on the mucin medium than on the standard 
medium (figs 1 4) 

N intraccllularis An 18 hr. broth culture diluted 1 in 100 ga\e no growth 
on subculture after 18 hours, whereas the broth plus mucin culture produced 
350 colonies In experiments whore the mucin was incorporated in the solid 
medium, the growth on the mucin medium was more luxuriant than the growth 
on the standard medium (figs 5 and G) 

N. gonorrhcecc The resultant growths w ith this organism were not estimated 
by colonj count, but wore given the following symbols -f = slight growth 
4* 4- — moderate growth , + + + = profuse growth , — = no growth. 

Various experiments were carried out both with and without the use of carbon 
dioxide Blood agar medium was used which consisted of 4 per cent horse 
blood, unheated, and nutrient agar of pH 7 2 On this medium with mucm, 
a 4 - 4 - 4 . growth resulted compared with a 4 on the same blood agar without 
mucin A blood agar plate containing mucin, incubated without C0 2 , produced 
a more luxuriant growth than a blood agar plate without mucm m the presence 
of about 10 per cent C0 2 Again, C0 2 did not further augment the growth on 
a mucm blood agar medium Traction A of Maccabe and King was aho used 
m experiments with tlio gonococcus, and at a concentration of 0 03 per cent, 
it gave results comparable to those with crude mucin at 0 7 per cent 


Discussion 

This work shows that mucm has a marked growth promoting effect in vitro 
on G diphtheriaN gonorrhoea 2 , and N intracellular is It is uncertain whether 
this effect takes place in the animal body, smee conditions affecting bacterial 
growth in animal tissues and blood are \ ery different Nevertheless, e\ en on 
blood agar, which would appear to contain most of the growth factors necessary 
for such strictly parasitic organisms as the meningococcus and gonococcus, 
the addition of mucm substantially augments growth The possibility that 
mucm acts m this way in the peritoneum cannot therefore be excluded 

Because organisms multiply freely m the mucm, it maj also be that the 
leucocytes are o\erwhelmod merely by the development of excessive numbers 
of organisms and their products This, however, can only be part of the process, 
because the in vitro studies of Maccabo and King demonstrated that mucm 
by itself has a damaging effect on leucocy tes 

The mechanism of the growth promoting action of mucm m vitro may l>© 
that the mucm neutralises or adsorbs some inhibitory product in the medium , 
or, perhaps by reason of its chemical structure, mucin maj protect the organisms 
from such products if the}' are present Thus it has been recognised that culture 
media may contam such bacterial antagonists, which are nevertheless neutrally 
able by other constituents of the medium (O’Meara, 1937) Pollock (1947) 
has suggested that the growth promoting effect of blood on Haemophilus pertussis 
may be due to the albumen which absorbs from the broth unsaturated fatty 
acids which are toxic to the organism 

The growth promoting action of mucm towards the gonococcus is of special 
interest Keefer and Spink (1938) found that mucm favoured survival of til© 
gonococcus but was a poor medium for its continuous growth An atmosphere 
containing C0 2 is necessary for satisfactory growth of the gonococcus within 
24 hours The effect of carbon dioxide on organisms which grow well only m 
its presence is not fully understood It may provide an additional source of 
carbon, neutralise some toxic products m the medium, or contribute to th© 
production of a bacterial vitamin 

The incorporation of mucm m the medium may be of practical \alue m 
growing the gonococcus as it dispenses with the use of C0 2 though the rational^ 
of the procedure remams unexplamed 
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Summary 

Growth of certain micro-organisms, in particular Corynebacterium diphtheria, 
Neisseria gonorrhcece, and N. inlracellularis, is much enhanced by the 
incorporation of hog gastric mucin in the medium. N. gonorrhoea may be 
cultured in mucin media without extra carbon dioxide. 

We wish to thank Professor T. J. Mackie for his valuable advice and the 
interest he has shown in this investigation, Mr T. C. Dodds for the photo¬ 
graphic plates and Mr D. J. Annat and Mr R. P. Lindsay for technical assistance. 
This work was performed during the tenure by one of us (H. K. K.) of the Lewis 
Cameron Teaching Fellowship of the University of Edinburgh. 
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COMPLEMENT-FIXATION TESTS IN THE DIAGNOSIS OF 

CONTAGIOUS PUSTULAR DERMATITIS INFECTION IN MAN 

A. Macdonald 

From the Department of Bacteriology, University of Liverpool 

Human infection with the virus of contagious pustular dermatitis was first 
described in this country by Peterkin (1937) but he was unable to demonstrate 
virus in the skin lesions. Came et al. (1946) transmitted the infection from 
human cases to sheep and confirmed the identity of the virus by cross-immunity 
tests. Blakemore et al. (1 948) transmitted the infection from sheep to a human 
volunteer. There is thus no doubt that the ovine virus can infect man but 
such methods are unlikely to be widely used in the diagnosis of a comparatively 
minor skin infection. As human infections are being reported with increasing 
frequency it was decided to investigate the use of some of the more usual 
methods employed in the diagnosis of virus diseases in man. 

Demonstration of the virus 

It was found that the virus of contagious pustular dermatitis (C.P.D.) can 
readily be demonstrated by microscopic examination of scrapings taken from 
the base of early papules or macules in experimentally infected sheep. Of 1 10 
staining methods employed, Gutstein’s methyl-violet method gave the bes 
results ; Paschen’s method was also useful, but the virus was not readily stainc 
by Giemsa. Smears of material from sheep were stained by Gutstein s met o , 
they showed virus particles which were indistinguishable in size and s iape 
from those seen in similarly treated material from cases of smallpox. n y 
two suitable smears were available from cases of human infection wit 1 
virus of C.P.D., and these showed scanty virus particles of similar size ana 

shape. 




DIAGNOSIS OF CJ>.D. IN MAN 


759 


Lyell and Miles (1950) claim to have obtained specific lesions after inoculating 
virus 'Containing material on the chorio-allantois of the developing chick embryo. 
They were able to transfer the virus through two or three egg passages. U§mg 
both sheep and human virus we have not been able to confirm these find mgs on 
10-15 day-old cluck embryos subsequently incubated for 3 days at temperatures 
ranging from 35-39° C. Minute lesions were sometimes seen on first-passage 
material but histological sections of such lesions shoued only minor ectodermal 
proliferation and infiltration of the mesoderm. There was no evidence that 
these lesions were the result of specific virus invasion. We have also failed to 
confirm Abdussalam’s (1949) claim that cytoplasmic inclusion bodies can be 
demonstrated in the cells of the sheep’s skin. 

COMPLEMENT-riXATION - TESTS 

Using an antigen prepared from dried scabs obtained from sheep infected 
with C.P.D. virus, Glover (1932-33) obtained clear cut fixation of complement 
with hyper immune serum prepared m Iambs. The sera of recovered aiun la ls 
also fixed complement but only in very low dilution. We have employed a 
similar teclmique to test the sera of twenty human cases of suspected C.P.D. 


Methods and materials 

The strain of virus used to prepare antigen was originally obtained from 
a human case and had previously been shown by Lloyd, Macdonald and Glover 
(1951) to be indistinguishable m cross immunity tests with the standard U.F. 
stram of virus. Tho human strain was rubbed mto the scarified skin of a she^p ; 
6 days later, when the eruption was vesicular, virus was harvested. The 
material was dried in a desiccator and then thoroughly ground m a mortar. 
The dried powder was extracted m citric acid-phosphate buffer solution pH 7-2, 
extraction'bemg allowed to proceed for an hour at room temperature followed 
by 24 hours m the ice chest. The suspension was then spun in an angle centrifuge 
at about 1500 r.p in. for 20 minutes. The supernatant fluid constituted the 
antigen and m the concentrations used in actual tests inhibited less than a. 
quarter of one dose of complement A control antigen was also prepared from 
the skin of a normal sheep in the same way as the test antigen. 

Azide preserved complement was employed, two doses being used m actual 
tests and l£ doses in the control tubes. Sensitised cells were prepared by 
addmg an equal volume of 2 per cent, sheep red blood-cell suspension to ambo¬ 
ceptor diluted to contain 3 M.H.D. 

Before carrying out the tests all sera were inactivated at 60° C. for 10 minutes. 
The unit volume of reagents used was 0 2 ml. Fixation was allowed to proceed 
m the ice chest overnight before adding the sensitised cells. Tests were incubated 
at 37° C. for 45 minutes and allowed to stand two hours at room temperature 
before reading. 

Results 

Preliminary titration of the sheep antigen was earned out against tho 
serum of a patient who had multiple C.P.D. lesions on the hands and anus. 
The serum was obtained 3^ weeks after the first lesion had developed. Using 
almlO dilution of the C P.D. Bheep antigen this serum ga\ e complete fixation 
of two doses of complement when diluted 1 m 32, and 75 per cent, fixation at 
1 in 40. 'When this serum was used in a constant dilution of 1 in 10 thero Was. 
complete fixation with 1 in 40 dilution of the antigen. There was no fixation 
m the control tubes containing the immune serum and antigen prepared from 
an uninfected sheep, and normal serum did not fix complement with the C.P.D. 
antigen. 
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Using a constant concentration, 1 in 12-5, of this C.P.D. antigen, we have 
tested sera from 20 suspected cases of human infection with the virus. All of 
these patients were known to have had contact with sheep either on farms or 
by handling their carcasses. In only four instances, however, were the animals 
believed to have contagious pustular dermatitis. 

Table I shows the results of tests on 26 samples of serum from these 20 
suspected cases. In 5 instances we had two samples of serum—one taken 

Table I 


Results of complement-fixation tests in contagious pustular 
dermatitis infections in man 


Number of sera 

No. of sera giving complete fixation 
at a final dilution of 

tested 

negative 

anti'compte- 

mentary 

positive 

1 in 4 

1 in 8 

1 in 16 

1 in 32 

25 

(20 cases) 

11 


9 


4 

2 

1 


when the patient was first seen by the clinician, the second 2-3 weeks later. 
In only two of those five cases was the convalescent sample of serum positive ; 
the samples obtained from the other three patients were anti-complementary 
and unsuitable for the test. 

It can be seen that in only nine of the twenty persons were positive tests 
obtained and, in most of these, complement-fixing antibody was present in 
low dilution. The results are rather similar to those which are obtained when 
the sera of patients recently vaccinated against smallpox are tested with rabbit 
vaccinia antigen. It may be noted, however, that although most of the 20 cases 
were thought to be infections with C.P.D. virus this opinion was based on 
clinical evidence. 

An attempt was also made to use the complement-fixation method to 
demonstrate the presence of specific antigen in human crusts or scrapings from 
C.P.D. lesions. The method of extracting antigen from this material was that 
usually employed in similar tests used to demonstrate variola antigen. As 
potent sheep antiserum was not available, these tests were carried out with 
human serum from a case of the infection. The method proved unreliable 
because of non-specific fixation when human crust antigen was tested with 
human serum. This did not occur when sheep antigen was tested against 
lmman antisera as shown in the tests in table I. 

Tests with c.e.d. aot vaccinia antigens 

Abdussalam, in electron-microscope studies, has shown that the virus of 
C.P.D. is brick-shaped although it is morphologically distinguishable rom 
the viruses of the pox group. From histological studies of the skin esions 
in sheep he believed that he had obtained evidence of a closer relations up 
with the classical poxes than has been shown hitherto. The lesions pro uccc 
by tlie virus in man may also be very similar to those caused by vaccinia or 
cowpox virus. Because of these superficial resemblances the reac m y ° 
C.P.D. sheep antigen and vaccinia rabbit antigen was tested agams 
antisera obtained from a case of C.P.D. infection and from a patient reof jP * 
vaccinated against smallpox. A serum from a patient who had recovere 
chickenpox and samples from normal persons were included as con ro s an 
results of these tests are shown in table II. 
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It can be seen that each antigen reacts with the homologous antiserum 
but not with the heterologous antiserum. There was thus no evidence frc>m 

Table II 


Complement fixation tests with sheep C.P.D . and rabbit vaccinia 
antigens against human antisera 


Human strum 



Dilutions ofscrA 


Serum 

control 

1 In a 

u«cd 

llnS 

1 In 10 

1 In 20 

1 in 40 

Com nlescent C P D 

CPD 

Vaccinia 

+ + + 4- 

++ _ ++ 

4*4' + 

4- + 

- 

Post-\ nccinat ion 

CPD 

Vaccinia 

4* 

4-4-4-4- 

+ + W + 

+ 

'i 

+ 

4-4- 

4” 

Com alescent chickenpox 

C P.D. 

± 

_ 

_ 




Vaccinia 

— 

— 

— 

— 

— 

Normal control . 

CPD 

± 


_ 

_ 



Vaccinia 

± 

- 

— 

- 

— 

Com nlesccnt C P.D 

Normal 
6heep skin 
(control) 

± 


' 


“ 


4-4-4-4* ** complete fixation; -f-f, +» ± = degrees of partial fixation 


these tests of any immunological relationship between the virus of C.P.D. and a 
representative member of the pox group of viruses. 


Summary 

Complement-fixation tests were carried out in 20 human cases of suspected 
infection with the virus of contagious pustular dermatitis (C.P.D.). The antigen 
for these tests was made from material obtained by infecting sheep with a 
strain of the virus first isolated from a human lesion Nine of the 20 cases gave 
positive tests in low dilutions of serum. With the complement-fixation reaction 
there was no evidence of serological relationship between the viruses of C.P.D. 
and vaccinia. 


I wish to thank Prof. R. E. Glover for supplying the material from which 
the sheep antigen was made. 
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Using a constant concentration, 1 in 12-5, of this C.P.D. antigen, we have 
tested sera from 20 suspected cases of human infection with the virus. All of 
these patients were known to have had contact with sheep either on farms or 
by handling their carcasses. In only four instances, however, were the animals 
believed to have contagious pustular dermatitis. 

Table I shows the results of tests on 25 samples of serum from these 20 
suspected cases. In 5 instances we had two samples of serum—one taken 

Tabus I 


Results of complement-fixation tests in contagious pustular 
dermatitis infections in man 


umber of sera 

No. of sera giving complete fixation 
at a final dilution of 

tested 

negative 

anti-comple¬ 

mentary 

positive 

1 in 4 

I in 8 

1 in 16 

1 in 32 

■ 

11 

5 

9 

3 

4 

1 

1 


when the patient was first seen by the clinician, the second 2-3 weeks later. 
In only two of those five cases was the convalescent sample of serum positive; 
the samples obtained from the other three patients were anti-complementary 
and unsuitable for the test. 

It can be seen that in only nine of the twenty persons were positive tests 
obtained and, in most of these, complement-fixing antibody was present in 
low dilution. The results are rather similar to those which are obtained when 
the sera of patients recently vaccinated against smallpox are tested with rabbit 
vaccinia antigen. It may be noted, however, that although most of the 20 cases 
were thought to be infections with C.P.D. virus this opinion was based on 
clinical evidence. 

An attempt was also made to use the complement-fixation method to 
demonstrate the presence of specific antigen in human crusts or scrapings from 
C.P.D. lesions. The method of extracting antigen from this material was that 
usually employed in similar tests used to demonstrate variola antigen. As 
potent sheep antiserum was not available, these tests were carried out with 
human serum from a case of the infection. The method proved unreliable 
because of non-specific fixation when human crust antigen was tested with 
human serum. This did not occur when sheep antigen was tested against 
human antisera as shown in the tests in table I. 

Tests with c.e.d. and vaccinia antigens 

Abdussalam, in electron-microscope studies, has shown that the virus of 
C.P.D. is brick-shaped although it is morphologically distinguishable 
the viruses of the pox group. From histological studies of the skin esl °” 
in sheep he believed that he had obtained evidence of a closer relations p 
with the classical poxes than has been shown hitherto. The lesions pro uc 
by the virus in man may also be very similar to those caused by vaccmi 
cowpox virus. Because of these superficial resemblances the reac iy i ^ 
C.P.D. sheep antigen and vaccinia rabbit antigen was tested a gains . 
antisera obtained from a case of C.P.D. infection and from a patien re ^ 
vaccinated against smallpox. A serum from a patient who had recovere ^ 
ehiekenpox and samples from normal persons were included as eon ro 
results of these tests are shown in table U. 
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JSbwari) iDavt'D Mffsoit ffirctg 

20th March 1874—18th April 1950 
(Plate CXXXVII) 

Lieutenant-Colonel E. D. W. Greio, C.I.E., entered the Indian 
Medical Service in 1899 and retired in 1924. These 25 years he 
spent continuously in tho study of tropical diseases, their cetiology 
and epidemiology, prevention and treatment, both in the years of 
peace and during the 1914-1918 war. 

Ho went to India at a time when tho study of tropical diseases 
there was rapidly assuming, and indeed had already assumed, con¬ 
siderable importance. Malaria was widespread ; plague in epidemic 
form was devastating various provinces ; cholera continued to rage 
both endemically and epidemically; typhoid and dysentery were 
everywhere a menace, especially to British garrisons; kala azar was 
still present in Assam after an epidemic that had reduced the population 
by over 30 per cent.; dietetic and nutritional diseases like beri-beri 
and epidemic dropsy were attracting attention and their increasing 
importance was becoming realised. On the other side of the Indian 
Ocean, the devastations of sleeping sickness were demanding urgent 
investigation ; and beyond, across the Atlantic, the deadly yellow 
fever clamoured for similar recognition and elucidation. Bacteriology, 
in its “ corpus ” of knowledge and methods, was already a well- 
established science, but protozoology and entomology, at least in 
their medical aspects, were just beginning to move forward. 

Study of these formidable problems demanded both high technical 
skill and wide, up-to-date knowledge of laboratory methods—in 
pathology, bacteriology, protozoology, entomology, helminthology, 
and haematology, as well as a wide and continuing knowledge of 
current literature. Such skill and knowledge Greig already possessed 
or speedily acquired, and continued to acquire. 

Bom in 1874, he qualified M.B., Ch.B. at Edinburgh University 
in 1895 after a brilliant academic career. After house appointments, 
he took a B.Sc. in public health, and then acted as assistant to Professor 
Sydney Martin, Professor of Pathology at University College, London. 
He entered the Indian Medical Service in 1899, and was awarded 
three of the special prizes at the R.A.M.C. College, Xeticy, for dis¬ 
tinction during Iris course of training. He thus came to India well 
equipped for serious, hard scientific work. After a short period of 

j. Tim. pact.—tol. non 763 
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As a man, Greig was friendly and likeable. Shy and retiring to 
most, he was at the same time easily approachable and an earnest 
and fluent talker on things that interested him and to those who 
shared his interests. 

Harvey, McKendrick, Glen Liston and Greig were great names 
in India in their day and later in Edinburgh, and it is sad for those 
who knew them well in both places to think that they have all passed on. 

A. D. Stewart. 
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An investigation on the occurrence of the cholera vibrio in the biliary passages. 
Ind. J. Med. Res., 1913-14, i, 44 58. 

An investigation of an epidemic of cholera caused by a “ carrier Ind. J . 
Med. Res., 1913-14, l, 69 64. 

An investigation of cholera convalescents and contacts m India Ind. J. Med. 
Res, 1913-14, i, 65 89. 

Preliminary note on the occurrence of the comma bacillus m the urine of cases 
of cholera. Ind. J. Med. Res , 1913-14, i, 90 91. 

On the cultivation of the comma bacillus from the lung m a case of cholera 
Ind. J. Med Res., 1913 14, i, 270 275 

The precipitation of bacterial protein by concentrated salt solution and its 
relation to the bacteriological diagnosis of cholera. Ind J. Med. Res, 
1913-14, i, 276 293 

On the vitality of tho cholera vibrio outside the human body. Ind J. Med. 
Res., 1913-14, l, 481-604. 

1914 15 

The invasion of the tissues by the cholera vibrio and further observations on 
pneumonia in cases of cholera. Ind. J. Med. Res , 1914-15, n, 1 27. 

Lesions of the gall bladder and biliary passages in cholera , a bacteriological, 
histological and experimental study. Ind. J. Med. Res., 1914-15, it, 28 45. 
On the simultaneous occurrence of cholera and cholera-like vibrios m the tissues 
of cases of cholera Ind J. Med Res , 1914 15, n, 604 622. 

The hasmolytic action of Indian strains of cholera and cholera like vibn03. 
Ind. J. Med Res., 1914-15, n, 623 647. 

The agglutinins m the blood of cholera cases. Ind. J. Med. Res , 1914-15, n» 
733-762 
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Cysticercosis and epilepsy. Edinb. Med. J., 1937, xliv, 522-529. 


1939 

Observations on haemoglobin reticulocytes, and blood sedimentation rate in 
cases of therapeutic malaria and the effects of treatment of them, J 
Trop. Med., 1939, xlii, 277-281. 

Observations on the incubation period in cases of induced malaria. J. Trop. 
Med., 1939, xlii, 325-328. 

Observations on the maximum parasite rate in cases of induced malaria. J, 
Trop. Med., 1939, xlii, 378-381. 

Common tropical diseases and helminthic infections. In Textbook of medical 
treatment, ed. by D. M. Dunlop, L. S. P. Davidson and J. W. McNee. 
Edinburgh, 1939, pp. 227-265. 

1940 

A pioneer in tropical medicine. Edinb. Med. J., 1940, xlvii, 262-263. 

Notes on cases of calabar swellings with radiological observations. J. Trop. 
Med., 1940, xliii, 19-21. 

Case of epilepsy of long duration due to cysticercosis. J. Trop. Med., 1940, 
xliii, 49-52. 

Biographical note on A. W. P. Pinkerton, M.D., F.R.C.P.E.: an early lecturer 
on diseases of tropical climates in Edinburgh. J. Trop. Med., 1940, xliii, 
77-78. 

Case of amoebic abscess of liver without antecedent dysentery. J. Trop. Med. r 
1940, xliii, 119-122. 

Observations on a case of amoebic hepatitis. J. Trop. Med., 1940, xliii, 161-164. 

Amoebic abscess of the liver which discharged through the lung. Trop. Med., 
1940, xliii, 207-210. 

Case of urinary bilharziasis showing marked anaemia and resistance to antimony 
treatment. J. Trop. Med., 1940, xliii, 227-229. 

A case of pyonephrosis infected with Bacillus pyocyaneus. J. Trop. Med. r 
1940, xliii, 269-271. 
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Common tropical diseases and helminthic infections. In Textbook of medical 
treatment, ed. by D. M. Dunlop, L. S. P. Davidson and J. W. McNee. 
Edinburgh, 2nd ed., 1942, pp. 233-277. 


1943 


An epidemic of relapsing fever in Edinburgh in 1843. 
1, 681-686. 
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Edinb. Med. J., 1943, 


The controversy on contagiousness versus non-contagiousness of leprosy, with 
particular reference to Dr W. Munro’s contributions published in the 
Edinburgh Medical Journal. Edinb. Med. J., 1944, li, 209-214. 

Common tropical diseases and helminthic infections. In Textbook of me ica 
treatment, ed. by D. M. Dunlop, L. S. P. Davidson and J. W. McNee. 
Edinburgh, 3rd ed., 1944, pp. 251-296. 
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On tropical eosinophilia associated with pulmonary signs (Leefiler s syndrome). 
J. Trop. Med., 1945-46, xlviii, 149-151. 
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1946 

The treatment of cholera by intravenous saline injections ; with particular 
reference to the contributions of Dr Thomas Aitchison Latta of Leith 
(1832). Edinb. Med. J., 1946, liii, 256-263. 

Common tropical diseases and helminthic infections. In Textbook of medical 
treatment, ed. by D. M. Dunlop, L. S. P. Davidson and J. W. NeNee. 
Edinburgh, 4tli ed., 1946, pp. 200-233. 

1949 

Common tropical diseases and helminthic infections. In Textbook of medical 
treatment, ed. by D. M. Dunlop, L. S. P, Davidson and J. W. McNee. 
Edinburgh, 5th ed., 1949, pp. 239-2S0. 


MiUiam ©len Xiston 

30tb July 1872—18th October 1950 
(Plate CXXXVin) 

To Lieutenant-Colonel William Glen Liston, a distinguished member 
of the Indian Medical Service, we owe the elucidation of the trans¬ 
mission of plague from rat to man by the rat flea. Liston was born 
in Secunderabad, Madras, where his father was an Army Chaplain. 
His father was cousin to the surgeon Robert Liston of Liston’s Splint. 
William Glen Liston was educated at George Watson’s College, 
Edinburgh, and at the Albany Academy, Glasgow, and went on to 
study medicine at Glasgow University where he was one of the leading 
students of the year graduating in 1897. In the following year ho 
entered the Indian Medical Service. During the training course at 
Netley he first came under the influence of Almroth Wright, then 
Professor of Pathology at the Army Medical School. Liston arrived 
in India in October 1898 and was posted to Secunderabad for duty 
at the Station Hospital. Plague had been brought to Bombay, possibly 
from Hongkong, in 1890 and in two years, though no efforts had 
been spared in devising and prosecuting measures to stay it, the 
ensuing epidemic had spread with terrible effects to every district of 
Bombay Presidency, to the Punjab and the North-West Provinces 
in the north, to Hyderabad and Mysore in the south and to Calcutta 
in the east. A month after Liston arrived, the Indian Plague Com¬ 
mission, a Royal Commission, came to Bombay to try to find out 
how the outbreaks originated, how the disease was communicated 
and whether curative serum and preventive inoculation were effective. 
The medical members of the Commission -were Professor T. R. Fraser, 
Edinburgh, Professor Almroth Wright, Netley, and Dr M. A. Ruffer, 
President of the Sanitary, Maritime and Quarantine Council, Egypt. 
Liston was ordered to assist the work of the Commission, and on 
5th December reported to Professor Wright. He was deputed to set 
up a laboratory in Bombay and he worked for the Commission until 
June 1899, studying the plague bacillus and attempting to isolate 
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part in the transference of plague from sick to healthy animals is so 
weak as to be hardly deserving of consideration X>r Simond’s 
brilliant thesis, however, gripped Liston. He at once began studying 
fleas as he had mosquitoes. Unexpectedly, he was appointed assistant 
to Almroth Wright at Hotley. On his return to England, Wright 
gave him every help to continue his studies of mosquitoes and fleas. 
Wright introduced him to the Honourable Charles Rothschild, a 
leading authority on fleas, and, at Tring, Liston learned much from 
Rothschild that was to stand liim in good stead. In the autumn of 
that year (1902) Liston received the M.D. with honours and was 
awarded the Bellahouston gold medal from Glasgow University for 
his thesis on malaria. On the transfer of the Army Medical School 
from Netley to London soon after, he returned to India. 

In January 1903 Liston was posted to the plague laboratory at 
Parel, a suburb of Bombay, under Haffkine, the Director-in-Chief, 
and Major Bannerman, Superintendent. Liston had earlier tried to 
classify the rats in Indian towns and villages, but he was now armed 
■with what he had learned from Mr Oldfield Thomas at the British 
Museum and he satisfied himself that the domestic rat, living in the 
roofs and walls of houses, was Rallies rattus, now extinct in Europe, 
and that this rat was all-important in the spread of plague in India, 
where man’s habits and customs favoured its ascendency. Liston 
was also now conversant with the four principal species of fleas, of 
which only one, Xenopsylla cheopis, was found on R. raltus , and 
rarely on other rats or on other animals. He confirmed the presence 
of plague bacilli in fleas from rats that were dying of plague and he 
had made a section of a flea fed on a plague rat that showed that the 
bacilli had multiplied in the flea’s stomach. So far he had failed to 
transmit plague from an infected rat to a healthy rat by means of a 
flea. This had only twice been done successfully, once by Simond 
and once by Gauthier and Raybaud. X . cheopis , it had been averred, 
would not bite man and since beginning his study of fleas a year 
before Liston had never found X. cheopis on man. In the course of 
that year he had only found 28 fleas on man, of which 27 were Pulex 
irritans , and one a cat flea. To assist him in collecting fleas and to 
learn more about rats he addressed each of the three scientific societies 
in Bombay on the evidence of the Indian Plague Commission relevant 
to rats and fleas, and, giving his audiences a description of the different 
species of rats and fleas, he asked for information about rats and for 
help in collecting fleas from men. These addresses appeared in the 
Transactions of the Bombay Medical and Physical Society, February 
1903, and in the Indian Lancet, 27th April 1903. His appeal had a 
good response ; within a few weeks he had examined 246 fleas caught 
on man under ordinary conditions. Only one of these was a rat flea. 

In March 1903, some guinea-pigs died in the Bombay Zoological 
Gardens. Liston found they had died of plague and at once went to 
the Zoo to see if there were any fleas on the surviving guinea-pigs. 
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Guinea-pigs at the laboratory rarely had fleas and then only Cieno- 
cephalus felis, the eat flea. At the Zoo he found that many of the 
guinea-pigs were sickly and infested with fleas. The apparently 
healthy guinea-pigs had few fleas. All the fleas were X. cheopis. 
Before the outbreak dead rats had been found near the guinea-pig 
cage and, coincident with the outbreak, two keepers who looked 
after the guinea-pigs had been sent to hospital with plague. The 
presence of so many rat fleas puzzled Liston, but it soon struck him 
that guinea-pigs could be used to trap rat fleas in plague houses. A 
month later, on the 20th April, the Rev. J. H. Lord sent him 30 fleas 
caught on people living in a tenement where there was an outbreak 
of plague. Fourteen of the 30 were X. cheopis. For several days 
dead rats had been found in the tenement; then no more were found, 
but the inhabitants had to leave their rooms for the verandah, so 
troubled were they by fleas. Two cases of plague occurred in adjoining 
rooms. Mr Lord heard of this and succeeded in getting the people 
to collect some of the fleas that troubled them. Liston, backed by 
Bannerman but,. unfortunately, hindered by Haffkine, who at this 
time was showing signs of mental aberration, followed up his inspiration 
about using guinea-pigs to trap fleas. Many -of the fleas so caught had 
plague bacilli in their stomachs and many of the guinea-pigs after a 
night in an infected room died of plague. No rat fleas were caught on 
guinea-pigs in rooms not infected with plague. The life history of 
X. cheopis was worked out and he found that, when the season was 
most favourable for rats to breed, fleas also became more numerous 
and a fresh recrudescence of plague followed. In seventeen experiments 
Liston found that when rats or guinea-pigs suffering from plague were 
placed in a small cage with healthy rats and guinea-pigs respectively, 
and “ the only precaution taken was to remove all fleas ”, the sick 
animals died of plague and in no case did the healthy animals contract 
the disease. 

At this point, against the advice of the Government of Bombay, 
the Government of India transferred Bannerman to Madras and 
Liston, crestfallen and despondent, to a Civil Surgeoncy in the Central 
Provinces. Some months passed, Bannerman and Liston were recalled 
to Bombay, and Haffkine, after a period of leave to recuperate, was 
given a laboratory in Calcutta. Liston’s first duty was to reorganise 
the preparation of plague vaccine. Dr Maynard’s method of bottling 
was introduced and the whole procedure, with rigid tests at every 
stage for purity and sterility, was so good that it remained unchange 
for the next twenty years. The Bombay Natural History Society 
invited Liston to communicate to them the substance of the lecture 
delivered in April 1903 with the additional progress he had ma e. 
This paper, “ Plague, rats and fleas ”, was read on the 24th Not 6111 er 
1904 and was published in the Indian Medical Gazette in Fe ruary 

1905. Interest in Liston’s work was now thoroughly aroused. Hanlon, 

another champion of the rat-flea theory wrote of Liston s paper: 
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“ We at length seem to be in a position to understand the Psalmist’s 
phrase, ‘The pestilence which walketh in darkness’ The Govern¬ 
ment of India, the Royal Society and the Lister Institute each 
addressed the Secretary of State for India. An Advisory Committee 
in London and a worldng Commission in India were established. 
Dr C. J. Martin of the Lister Institute, one of the Advisory Committee, 
arrived in Bombay in April 1905 for a six months’ visit to initiate the 
work. Dr G. F. Petrie and Dr S. Rowland, chosen by the Committee, 
followed, and Liston’s services as well as those of two Indian Assistant 
Surgeons and two Hospital Assistants were placed at the Committee’s 
disposal. No time was lost in getting to work ; for so convinced were 
Bannerraan and Liston of the truth of the flea-transmission theory 
that the}' had planned the crucial experiments and had designed and 
built at the laboratory six special godowns or cabins. These differed 
from one another only in the fabric of their roofs, which were so 
constructed that in two of the cabins rats could nest in the curved 
country tiles as they did in plague-infected houses and provide an 
abundant supply of rat fleas, in two with modern flat tile roofs the 
supply of fleas was scanty, and in two with cement roofs there were 
no fleas. The technique of using fleas in the laboratory to transmit 
plague from rat to rat was mastered and successes were as common 
as they had hitherto been rare. In the cabins many series of controlled 
experiments amply confirmed that among rats and among guinea-pigs 
plague was spread by rat fleas and by no other agency. The rapidity 
with which the epizootic spread depended on the number of fleas. 
When a. man entered a cabin even momentarily to remove a dead 
rat, fleas at once jumped on him. 

On Dr Martin’s return to London, Major George Lamb took over 
the direction of the Commission in October 1905. No happier com¬ 
bination could have been thought of than Major Lamb and Captain 
Liston doing this research in a laboratory where Lieut.-Colonel 
Bannerman was the administrative head. Captain T. H. Gloster, 
I.M.S., was added to the staff. The co-operation of Dr Turner, 
Medical Officer of Health, Bombay, and others was enlisted and 
together they began an intense study of the epidemiology of plague 
in Bombay city, in four villages around Bombay and in two isolated 
villages in the Punjab. In one year, by carefully planned trapping 
and collecting, 117,000 rats from Bombay were examined, of which 
nearly 18,000 were plague-infected. The annual outbreak of plague 
was shown to appear first among the burrowing rats R. norvegicus , 
then it spread to the house rat R. rattus and then to man. The factors 
which determined the epizootics were the occurrence of a succession 
of cases of plague among rats during the off season, the increase of a 
young, susceptible rat population during this time and finally the 
seasonal increase in fleas which coincided with the plague season in 
man. These observations were paralleled and supplemented by 
studies in the villages where the movements of people were known. 
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and there the evidence indicated that plague from an infected locality 
was usually imported by means of infected rat fleas brought by human 
agency, that is on healthy men, or on plague sufferers or in their 
belongings. Rat fleas taken from plague rats and tested on susceptible 
animals could remain infective for 15 days. By May 1907 it was 
considered that satisfactory replies had been found to the questions 
put to the Commission and it was temporarily dissolved. Twenty 
reports on branches of the research had been published and seventeen 
more appeared during the following year. These are in the Journal 
of Hygiene, 1906 to 1908. In 1910 Bannerman was promoted Surgeon- 
General in Madras, Lamb returned to the Pasteur Institute, Kasauli, 
and Liston became Director of the Bombay Bacteriological Laboratory 
at Parel. On the advice of the Advisory Committee the work of the 
Plague Commission was continued, and under Liston’s direction the 
field of observations was extended to the United Provinces by Captains 
T. H. Gloster and N. "White, 'and to Madras by Captains J. Ifunhardt 
and J. Taylor. Further reports appeared in four “ Plague Supple¬ 
ments ” to the Journal of Hygiene from 1912 to 1914 and underlined 
and confirmed the work already done. Prior to 1907 the transmission 
of infection by regurgitation of the contents of the flea’s stomach when 
the flea was biting or sucking had been considered, but no evidence 
of this had been obtained. It remained for Bacot and Martin of the 
Lister Institute to demonstrate that regurgitation as a result of 
obstruction by masses of plague bacilli in the flea’s oesophagus caused 
injection of plague bacilli in the act of biting. Liston’s last contribution 
was his introduction of a relatively safe and very effective method of 
fumigation with hydrocyanic acid gas to kill both rats and fleas; 
this method was widely adopted for ships likely to carry plague- 
infected rats. 

Before the outbreak of the First World War the activities of the 
Parel laboratory had become manifold. Besides its main function of 
supplying huge amounts of plague vaccine there was a wide field for 
clinical pathology and bacteriology in the three large hospitals of 
Bombay, and Liston, a keen clinician, hardly ever missed a daily visit 
to one or other of them. Indian practitioners took their problems to 
the laboratory and all this provided valuable experience for the staff, 
who were encouraged and helped by Liston in any research they 
were doing. Malaria in Bombay was shown to be carried by the 
species of mosquito which bred in wells sunk, often for religious 
purposes, within the precincts of private houses. Leprosy was also 
studied. Liston took a special interest in the leper settlement, e 
himself gave the recently introduced injections of chaulmoogra m 
week by week and helped to improve the conditions so that, short J 
after he had left India, a visitor (Lady Lawrence) was inspired to 
write a beautiful account in a Bombay newspaper of The ar er j 
of Hope ”. During the 1914-18 War the laboratory housed a hospital 
for soldiers invalided from Mesopotamia with typhoid and para 
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typhoid who were systematicaUy examined to detect carriers. Tuber¬ 
culosis in Indian cattle, influenza in the pandemic of 1918-10, 
bilharziasis, guinea-worm and the water supply of Bombay were 
other subjects on which work was published or reports made to the 
Government. A colony of venomous snakes was cared for and the 
venom was collected for the preparation of antivenene. After the 
War the Parel Laboratory, which occupied the Old Government House, 
was renovated and re-equipped and became one of the best of its 
time. From Liston’s plans, too, a large hospital to serve the great 
extension of Bombay was built opposite the laboratory and Liston, 
with the backing of the local Government, all but succeeded in starting 
a School of Tropical Medicine for Western India. He retired from 
India in 1924. 

One of us (G. F. P.), who was a colleague of Liston on the Plague 
Commission, recalls that nearly half a century has passed since its 
work began in May 1905 in Bombay city. The varied interest of 
the experimental observations carried out in colourful surroundings 
remains with him even now as a vivid memory. The inquiry proceeded 
smoothly according to plan, and the exploration of every aspect of 
the many-sided problem yielded results which gave the clue to the 
complex factors at work in the rise and decline of epidemics of bubonic 
plague. The conclusions arrived at during the first two years confirmed 
the views reached by Liston in his earlier researches. His special 
experience and local knowledge were invaluable and, moreover, he 
was an ideal colleague. Habitually even-tempered, and always 
friendly and helpful, he contributed much to the success of the 
investigation. Whatever might be tho subject on which his attention 
was fixed, he formed his opinions with an independence characteristic 
of the stock from which he came. There was no trace of self-assertive¬ 
ness in his nature ; yet one soon became aware that he possessed 
courage of a robust kind which enabled him to face unpleasant facts 
without fear. Once, when the talk turned upon the risks to British 
residents during a violent outbreak of anti-racial conflict, he insisted 
that there was no danger to those who understood the people of the 
country. Again, when it was suggested that his work on the fumigation 
of ships by hydrocyanic acid gas was not free from danger, he laughingly 
declared the idea to be absurd. In the history of research into the 
transmission of plague Liston’s place as a pioneer is secure. 

Colonel Glen Liston was a man of wide interests and culture, and, 
while he was pTe-eminent in his own sphere as a scientist, bacteriologist 
and research worker, he maintained a close interest in the clinical 
aspects of medical work in which his great knowledge and ripe 
experience were brought to bear upon the problems of everyday 
practice. During the years of his service in Bombay the local 
practitioners recognised this and his help as a consultant was in 
constant demand. After he retired and settled in Edinburgh he became 
bacteriologist to the Royal College of Physicians’ Laboratory where 



778 


WILLIAM GLEN LISTON 


he had as colleagues his old service friends, Colonel W. F. Harvey and 
Colonel Anderson McKendrick. He continued his research work on 
many matters of tropical medicine, in particular malaria, the 
dysenteries, guinea-worm and filariasis. He was appointed Consulting 
Physician in Scotland to the Colonial Office and to the Crown Agents 
for the Colonies. His advice was widely sought by practitioners in 
Scotland and the north of England in elucidating problems in con¬ 
nection with their patients who had fallen victims to the hazards of 
life in the tropics. To his younger colleagues he was ever ready with 
advice, help and encouragement and he carried on an extensive 
correspondence with workers in various parts of the tropics. Nothing 
was too trivial and no trouble too great. It was always a pleasure to 
visit him in his laboratory, and an inspiration to realise the depth of 
the regard and affection in which he was held by very many Colonial 
officials and others who had come under his care. He gave his best 
to his day and generation. 

J. Moeison. 

G. F. Petbie. 

A. M. Gillespie. 
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ragwort, Senecio jacobcea, and a joint communication by Cook, Duffy, 
and Schoental on this interesting new source of potential carcinogens 
was published after his death. In all his work Duffy weighed Ins 
evidence carefully before expressing an opinion and for this reason was 
slow to publish results unless he felt that they admitted of only one 
interpretation. He established the nucleus of a valuable micro- 
museum at the Glasgow Royal Cancer Hospital and took some 
beautiful photomicrographs with which he hoped to illustrate a 
museum catalogue. He was secretary of the Staff Association of the 
Hospital and was equally popular with the clinical and research staffs. 

All who knew him and had discussed any problem with him had 
the highest regard for his wisdom and integrity. He was completely 
unaffected and seemed surprised that anyone should be otherwise. 
Though life must have had for him many disappointments and 
frustrations, he never let them appear and was apologetic when 
illness made him'allow others to share his work. By his premature 
death we have lost a fine Christian gentleman. 


P. R. Peacock. 
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The enzymes chemistry and mechanism of action 

Edited by James B Sumner and Karl Myrbaok. New York . Acaderfho 
Press Inc Vol I, Part 1, 1950. Pp xvn and 724 . 22 text figs. $13 50. 

“ Enzymology has become the central province of biochemistry and 
biological sciences Recent years have seen a remarkable advance m every 
phase of enzymology, and research m this field has progressed to such an 
extent that a survey of its findings m comprehensive form has appeared 
as increasingly imperative This now encyclopedic work presents system¬ 
atically the accumulated knowledge m the various fields of enzymology. 
It is designed to serve efficiently those already working m the field and 
those preparing to enter it ** This quotation from the cover of Vol. I, 
Part 1, describes the aim and scope of this senes of four books which will 
cover with comprehensive reviews the whole field of enzymic biochemistry. 
The claim is justifiably made that this is an encyclopedic work It is, m 
fact, the most complete treatment of enzymes since the monumental 
German works such as Oppenheim and Percussin’s “Die Fermente”. 
Seventy eight persons m Europe, America and Australia have contributed 
chapters, and the result is a set of authoritative statements by experts 
in the various branches of enzyme biochemistry. 

Such combined attempts at the dissemination of scientific knowledge 
are not uncommon in these days of intense specialisation The symposium 
t\>pe of scientific meeting, the review journals, and the “Hnndhuch.” 
with multiplo authors have probably come to stay No one man can 
hope to gam more than a superficial acquaintance with the whole of the 
subject which he professes to study or teach, and so he, a specialist himself, 
is driven to other specialists for the knowledge of other fields, even those 
closely related to his own This development may be regretted by some 
Biochemistry, let alone science, is not the cosy comer it was fifty years 
ago But it marks the enormous development which has taken place tn 
such fields as this, of biologically catalysed reactions, during this century. 
Only by the publication of such united efforts to cover a subject can all 
the important facts and theory be assembled m usable form 

But if this branch of science has become diversified, there has also 
been synthesis and integration Through all chapters runs the common 
theme that metabolic processes are simply chemical reactions ordered 
and controlled by biological catalysts Each of these enzymes has proved 
a big enough subject to demand several workers for itself, and an individual 
exponent for the purposes of this book , yet each turns out to have much 
m common with the rest There is a unity of method as well as an apparent 
singleness of purpose in the life processes 

The opening chapter, by the two editors, gives a general account of 
enzymic action , and this is followed by seven introductory chapters into 
the special chemistry of the various enzymes, their formation, role in 
adaptation, cytology, relations to hormones, vitamins, etc , immunology, 
their physical chemistry and kinetics Then follow accounts of the fat 
splitting enzymes, the esterases, acetycholme esterase, the various phos¬ 
phatases, sulphatases, mvertase, the glucosidases, other hexosidases, and 
glucuronidase, and finally amylase and the hydrolysis of starch and 
j path bact —vol ixm 783 3 d 2 
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glycogen. For the biochemist this book will be indispensable. Many 
pathologists will find it equally useful ; and the general reader, perplexed 
and sometimes plagued by recurring references to enzymic processes 
which he ill understands, will find ready answers in the chapters of this 
volume, which are easily located through the excellent and comprehensive 
index contained in Part 2. 


Vol. I, Part 2, 1951. Pp. x and 677 ; 63 text figs. S12.80. 


Part 2 of Volume I of this work follows the same general pattern as 
Part 1. It is in fact a continuation of it. Where Part 1 left off with the 
hydrolysis of starch, this part begins with the cellulose and pectin-attacking 
enzymes. Then come those which hydrolyse the mucopolysaccharides, 
the proteins, urea, and arginine, amides and amino acids, allantoin, hippurie 
acid, nucleic acid and the nucleotides. Chapters on penicillinase and on 
enzymes as essential components of bacterial toxins will be of special 
interest to the bacteriologist; those on phosphorylases, thiaminase, 
transaminases and transmethylases to the physiologist. Enzymes and 
coagulation are treated both for milk and for blood, and carbonic anhydrase 
in terms of its physiology as well as of its biochemistry. Additional chapters 
on histidase and urocanase, enolase, fumarase and aconitase, the de- 
sulphydrases, and aspartase complete this second part, which will certainly 
be as welcomed by, and as useful to, the scientific public as was the first 
part. It will surely come to be the standard reference book on the chemistry, 
physiology and pathology of the enzymic processes- 

It is not possible to mention the many contributors who have made 
both these volumes such a success. Their names are familiar to all students 


of biochemistry, to most physiologists, and to many bacteriologists, 
hematologists and pathologists. Among them are some of the best known 
persons in present-day experimental biology. For the sake of local interest 
it is perhaps worth mentioning the British contributors : Marrack, Moelwyn- 
Hughes, Abraham, Berridge, A. M. Clark, and Houghton. This second 
part contains the excellent index of authors and subjects, which makes it 
easy to locate almost any aspect of any subject with the minimum of 


trouble. 
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Spleen puncture 

By Svrs Moeschld. 1051. London William Hememann Medical Books, 
Ltd Pp xi and 229 , 2 plates (1G figs ) m colour and 149 text figs 30s 

Tins book is a translation from a German text published in Switzerland 
m 1047 and the opportunity lias been taken to add new material and 
illustrations to bring the subject up to date Spleen puncture is often 
used in tropical and sub tropical areas, particularly for tho diagnosis of 
Leishmaniasis, but in this country it is rarely practised for diagnostic 
purposes Most clinics, however, sooner or later have to deal with the 
patient who has a splenomegaly for which neither peripheral blood nor 
bone marrow studies provide an explanation, and hero spleen puncture 
might help Dr Moeachhn's book provides directions for performing spleen 
puncturo safely and for interpreting the results 

Tho first part of tho book deals with technique and describes tho various 
■cells to be found m smears xnado from tho puncture material Tho technique 
is very carefully described and it is clearly essential that tho directions— 
tho fruit of much experience—should bo earned out precisely , no relevant 
■detail is omitted In the section about cells, no space is wasted in detailed 
■descriptions of erythroblasts and granulocytes, but there aro careful 
■descriptions with good illustrations, either photomicrographs or colour 
plates from water colour paintings, of tho less familiar cells For instance, 
tho ‘ plasmacytoid reticulum cell ” is differentiated from tho true plasma 
•cell, the former occurs particularly in bone marrow, is phagocytic, and 
js concerned with tho formation of serum globulins , tho plasma cell itself 
js found in lymphatic tissue and is not phagocytic , both types of cell occur 
m the spleen Other colls have to bo fully described because, although 
their appearance m histological sections of post mortem material is known, 
their characteristics in air dried smears from biopsy material are different 
The nonnal “splenogram ”, the )i9t of cells found in the smears and their 
•different proportions, is given in full, material for theso figures having been 
•obtained from spleens punctured at laparotomy operatioas Twenty two 
•different types of cells aro differentiated, but fortunately Dr Moeschlin 
■does not consider that a count is usually necessary , a careful examination 
•of the film suffices 

The second part of the book deals with tho splenograms found m 
different diseases, and it is interesting to see m how many conditions the 
picture is not significantly changed From a perusal of this section it 
appears that spleen puncture can be really valuable in tho diagnosis of 
reticuloses, including Hodgkin’s disease, when no enlarged lymph glands 
•occur, or when their biopsy is uninformative Consequently there are 
good illustrations of various types of cells, and particularly of tho Rced- 
Stemberg cells, as they appear in smears Primary tuberculosis of the 
spleen has been successfully diagnosed by splenic puncture The leukaemias 
give characteristically abnormal splenograms, but tho diagnosis is more 
•easily established by other means Spleen puncturo can, however, help 
in the sometimes difficult distinction between advancing myelosclerosis 
with splenic hromopoiesis and a mild chronic myeloid Ieukajmia In this 
section Dr Moeschlin g i\ es some interesting details of the cellular changes 
in leuhiemic spleens induced by various forms of treatment and as a result 
he declares himself a supporter of arsenic What this section lacks is some 
sort of table or diagram whereby the appearances found m the splenic 
•smears can be fitted to a diagnosis or a group of diagnoses One has to 
turn over manj pages to find the information It may be that spleen 
puncturo is not sufficiently advanced for this to bo done Moeschlin 
•certainly makes no exaggerated claims “ Spleen puncturo is ”, he says. 
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“ in many eases especially where a simultaneous sternal puncture is made, 
a valuable supplement of the clinical methods of examination of the 
present day,” 

Anyone who wishes to add spleen puncture to his diagnostic armoury 
will certainly want to study this book. The illustrations are good and of 
sensible size. The translation by Dr A. Piney is reasonably smooth, except 
for the irritating use of the royal “ we ” to refer to the single author and a 
few untranslated words like “ panaritium ” (paronychia). There are 
16 pages of references, mostly to Continental literature, and an adequate 
index. 

Biological actions of the adenine nucleotides 

By H. N. Green - and H. B. Stoner. 1950. London : H. K. Lewis and 
Co., Ltd. Pp. xvi and 221 ; 65 text figs. 25s. 

This book summarises the authors’ many papers concerning shock 
induced by the injection of adenine nucleotide. It is divided into 13 
chapters, of which the first three are general and the remainder deal with 
special effects, with a final account of the possible role of adenine nucleotide 
in pathological processes. 

Apart from the descriptive side, much of the book is taken up by 
discussion and theoretical matter, and here certain criticisms are so obvious 
that they cannot be avoided. Loose and inaccurate statements are not in¬ 
frequently made, mainly in connection with the interpretation of biochemical 
results. On p. 12 one reads that the breakdown of adenosinetriphosphate 
(ATP) is reversible. This is misleading since the breakdown and resynthesis 
of this compound follow entirely different pathways. On p. 15 the action 
of fluoride is discussed and it is stated that Kaplan and Greenberg find 
that this compound reduces the incorporation of inorganic phosphate 
into ATP in the whole animal while another author (Potter) questions this 
result. But it is not mentioned that the problems of the former authors 
were entirely different from those of Potter who worked with cell-free 
systems. On the same page it is said that phlorizin is the only certain 
inhibitor of ATP synthesis, which is a curious statement in a book published 
in 1950, and, a line or so later, that no biochemical evidence exists for an 
effect of magnesium on the synthesis of ATP, which is not true. The 
elementary methods described in detail in Chapter 2 are surely out of 
place in a work of this kind. The methods used in the experiments relating 
to the fate of certain adenine nucleotides after intraperitoneal injection 
warrant no great confidence, and it seems doubtful whether analysis o 
tissue fluids by chemical means without previous chemical fractionation 
can be relied on. Several other statements may be questioned, for examp e, 
(p. 47) that there is little difference between the activity of ATP a n 1 3 
deaminated derivative, inosinetriphosphate (ITP). Table 4, howeier, 
shows that the shock-inducing dose of ATP is half that of ITP, u 0 
p. 49 it is stated that ATP is more active than ITP. Elsewhere, e.g. PP- 
and 147, long arguments are supported by too little or suspect en enc 
and tend to become speculative. . , . 

Stringent though these criticisms may be, the book is not WI 0 
merit. The authors have made a bold attack on a difficult prob cm rD 
many different points. They have collected the results of miic i a 
work and added numerous references. The book should serve its ec ^ 
purpose of bringing the problem before many investigators. But e ^ a . 
it is meant for the general reader, particular care should have been a * 
in the discussions and extrapolations. Although these are he ge ® ° 
by words of caution, it is impossible for the non-expert to know t le a a 
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underlying the assumptions, and these are given a false authority by the 
references to other work The last chapter is a v ery fair statement of the 
present position of tho adonino nucleotides in general pathologj 


Studies m pathology presented to Peter MacCallum 

Edited bj E S J King, T E Lowe and L B Cox 1951 Melbourne, 
Umversitj of Melbourne Press London, Cambridge University Press 
Pp \ and 'ISO , frontispiece, 154 figs on 42 plates and G text figs 35s 

This volumo consists of a senes of tuenty two studies specially con¬ 
tributed b\ past and present studonts and associates of Peter MacCallum, 
Professor of Pathology at tho Univ ersitj of Melbourne It is offered to him 
as a mark of esteem and affection on tho occasion of his sixty fifth birthday 
In a rev iow of a v olumo of this nature it w ould be invidious to discriminate 
Tho studies varj m character and quality but all are mterestmg either as 
original articles or ns general reviews Tho themes range from the general 
to tho special, ns tho following few examples indicate —The contribution 
of pathology to biologif, bj E S J King , Normal and pathological patterns 
in the liter, b\ G R Cameron, Metaplasia, bj Rupert A Willis, Phases 
of tuberculosis tn childhood, bj Reginald Webster, Some observations on 
lymphatic tissue, with special reference to the germinal centres, by E W 
Bate, Some observations and reflections upon the surgical pathology of 
oesophageal malignancy, bj E E Dunlop , The examination of blood and 
stains tn crime detection, by K M Bowdon 

In his twenty five y ears m the Chair of Pathology, Professor MacCallum 
has himself or through lus associates displayed a catholic outlook on 
pathology, regarding it nlwajs as a branch of biology The diversity of 
interests of his pupils bears tins out That he is highly esteemed and 
respected this hook shows, not least by the list of some 57G names of 
persona] subscribers and of 39 libraries The text is clear, the illustrations 
aro good, and tho frontispiece is a characteristic likeness of Peter MacCallum 
himself 


Bacterial toxins 

By W E van Heyningen 1950 Oxford Blackwell Scientific Publica 
tions Pp iv and 133 15s 

Tho bacterial toxins are a group of substances whose sole common 
properties are their production by bacteria and their remarkable toxicity 
Some are almost certainly proteins, or are proteins linked to polysaccharides 
and lipoids, their chemical composition is otherwise unknown Except 
in the case of the lecithinases and collagenases, there is no acceptable 
explanation for their toxicity Most of them are antigenic By far the 
great majority of experiments on them, probably all, have been carried 
out on samples contammated with other antigenic and non antigenic 
bacterial products 

It would hardly have been surprising if a book on a group of substances 
so ill defined chemically had been a scrappy collection of experiments of 
doubtful validity, but this is in fact an extremely thoughtful attempt to 
summarise a large and scattered literature, and to draw the attention of 
biochemists to a very fruitful field of investigation The account of the 
toxms produced by Gram positive bacteria is conventional but thorough, 
and that of the toxins of the Gram negative organisms is a first rate account 
of a most difficult subject. 
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